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( SECTION 1

OUTLET WORKS ALTERNATIVE INVESTIGATIONS AND COORDINATION

1.1 General. In November 1986, representatives of South Pacific Division

(SPD), North Pacific Division (NPD), Los Angeles District (SPL), and

Portland District (NPP) met in San Francisco, California, to discuss the

Santa Ana Project and the possibility of design participation by Portland

District. SPL asked that NPP consider general design memorandum (GDM)

level design work for the following four project elements: Santiago Creek

Drain, Oak Street Drain, Prado Dam, and Seven Oaks Dam. Subsequently, NPP

agreed to perform the following specialized design in support of Phase II

0DM level design: Seven Oaks Dam outlet works; Seven Oaks dam break

analysis and overflow delineation; and Prado Dam outlet works. On 16 and

17 December 1986, SPL and NPP staff members met in Los Angeles to discuss

NPP involvement in the Santa Ana Project and to visit the project sites.

It was agreed that NPP would prepare conceptual designs for four

alternatives for the regulating outlet works at Seven Oaks Dam. These

alternatives were: upstream control with an inclined intake, central

control with a vertical shaft, downstream control with a pressurized

conduit, and upstream control with a horizontal gallery. It was also

agreed that when the conceptual design evaluation was presented a decision

would be made on which alternative to carry forward into more detailed

design. The tentative plan was that NPP would perform the complete

design for the intake structure upstream of the gates and/or transition

section. The Memorandum of Understanding (MOU) and Scopes of Work (SOW)

were negotiated, finalized, and agreed upon in the following weeks and the

final MOU was signed between 5 February 1987 and 3 March 1987 by the

appropriate offices.

1.2 Concentual Design Meeting. On 2 March 1987, representatives of the

technical staffs from SPL and NPP met in Los Angeles to review various

conceptual designs developed by NPP for the outlet works at Seven Oaks

() ~Dam. On 3 March 1987, a meeting with technical and management staffs from
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Office of the Chief of Engineers (OCK), SPD, SPL, and NfP was conducted to

present the conceptual alternatives, review and coment on those

alternatives, and concur upon a preferred concept.

a. Conceots and Alternatives. NPP investigated four basic concepts.

In addition, several variables associated with the basic concepts were

evaluated. A total of 13 alternatives were therefore studied, as shown in

table 1-1.

Table 1-1. Estinated Costs (in millions of dollars)

I II III IV

Inclined D/S D/S

a lAccess Acces Shaft Contrl

High level intake $45 $32 $31 $28

Low level intake 45 30 29 26

High level transition 33 29

High head bulkhead 30 27 )
Steel-lined tunnel 30

b. General Design Assuations. The following is a list of the

initial general design assumptions used in the evaluation stage.

Assumptions used in each technical specialty are discussed later.

(1) Intake trash openings - 2/3 (gate width).

(2) Diversion by staged construction throu3h control section

during dry season.

(3) Maintenance bulkheading required.

(4) Slide gates feasible, emergency gate required.

1-2
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((5) Intake deck and access required in all cases.

(6) Concrete tunnel lining required for high velocities.

(7) Steel transitions downstream of control.

(8) Pressurized tunnel 'designed for applicable load combinations.

(9) Seismic defensive measures not considered.

(10) Downstream control options require steel lining.

c. E. NPP's presentation of the conceptual analysis

included advantages, disadvantages, and costs (table 1-1). A brief

summary follows:

(1) High level intake avoids sediment passage. The low level

withdrawl system would require cleaning and maintenance and a vortex/
formation is possible.

(2) Low level intake has no vortex limitations. Sediment might

require removal or enter conduits.

(3) Inclined access is more stable. Site conditions could

greatly increase costs.

(4) Downstream access increases diversion capacity. Tunnel costs
increase.

(5) Shaft access minimizes intake excavation. Difficult

tunnel/shaft excavation and potential for earthquake damage. Complex

construction and diversion sequence.

(6) Downstream control has best access to control. Pressurized

tunnel would result in higher downstream velocities than desired.

I
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d. Issues. Several issues were identified during the meeting and the

following is a list of the key issues for future consideration.

(1) The need for modeling at the GDK stage.

(2) Impact of an earthquake-induced displacement.

(3) Sediment deposition potential.

(4) Viability of a mid-tunnel control.

e. Reommesd.in. The initial recommendation for future design

development was an alternative consisting of upstream control and

downstream access (see figure 1-1). The primary advantages of this

alternative were that it minimizes excavation activities, does not require

a pressurized tunnel, provides the lowest downstream velocities, and

offers the least impact from seismic events, relative to access.

Agreement was reached to refine the upstream control intake tower

concept, however, further studies were needed regarding a decision on a

high or low intake.

1.3 Refinement of Alternative Analysis. From March through early June )
1987, the outlet works design was accomplished with discussions (almost

daily) with SPL to assure coordination on design issues. In April 1987,

at the request of SPL, MPP expanded its scope of work to include the

design of the outlet tunnel. Also, at about the same time, the estimate

of sediment deposition against the reservoir embankment was increased

significantly from 80 to 150 feet and the intake was redesigned to account

for this increase. Provisions were made to allow multilevel reservoir

withdrawal. NPP evaluated an option which would convey sediment through a

conduit at the base of the intake structure. With the increased loads and

height, NPP also evaluated a conventional tower configuration in addition

to the gravity section which had been presented etrlier.

1.4 On-Board Review eetLng. On 9 June 1987, representatives of the

technical and management staffs from SPL and NPP met in Portland. The

purpose of the meeting was to present and review the design status. In
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addition to design status, NPP presented updated design criteria and

assumptions, cost estimates, and construction schedules. Summary of the

meeting is generally as follows:

a. Status of Issues. A sumary of the four previously identified key

issues and the way in which each was resolved at that time are below.

(1) Need for 11odeling. Concurrence was reached on modeling of

the outlet works at the feature design memorandum (FDH) stage.

(2) IMuact of 4-Foot Earthquake-Induced Dislacement. The

postulated 4-foot displacement of the outlet works is not expected to

cause catastrophic damage or release of reservoir. Tunnels have an

excellent performance record under seismic loadings. Defensive measures

will be considered only where major shear/fault zones are encountered

along the tunnel alignment. A subsequent 28 July 1987 letter of

endorsement was prepared by CENPP-EN, subject, Seven Oaks Dam Outlet

Tunnel, Seismic Criteria.

(3) Sediment Deoosition Potential. Agreement had been reached

earlier to provide for 150 feet of sediment deposition.

(4) Viability of a Kid-Tunnel Control (With Downstream Access)

Alterntive. Evaluation of this alternative with revised sediment height

and tunnel design assumptions was made with costs of the two alternatives

(upstream control versus mid-tunnel control) essentially the same. The

upstream alternative was chosen because it offered: dependable diversion

capacity; an effective construction sequence; and a less complex, more

flexible operating system.

b. Discussion. and Actions Rguired. Several issues were discussed

following formal presentation and informal technical counterpart

meetings. The following is a list of the major actions required as a

result of those discussions.

(1) SPL to provide direction on the need for low-flow

bulkheading.
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( (2) KPP to consider expanding scope of work to include structural

design of outlet structure downstream of the tunnel portal.

(3) SPL to develop radio control plan.

(4) SPL to provide guidance on liquifaction potential around the

tower.

(5) SPL to provide revised operation schedule.

(6) SPL and NPP to develop action plan for transition of

involvement with Waterways Experiment Station (WES).

(7) SPL to provide design criteria for hydrostatic loading

assumptions for the tunnel. (The actions taken have been included in this

report.)

1.5 Significant Design Criteria Changes. Based on optimization studies

performed by SPL following the June 1987 meeting, the following changes

were made in October 1987.

a. Reservoir storage volume was reduced from 160,000 to 147,000

acre-feet.

b. Spillway crest elevation was changed from 2,598 to 2,580 feet,

NGVD.

c. Sediment depth near the intake tower increased to 165 feet, or

El. 2,265 instead of the previously assumed elevation of 2,250.

1.6 Downstream Control. In July 1987, SPL requested that Portland

District reexamine the possibility of an outlet works that would feature a

downstream flow control. This request came from a reconsideration of the

need for steel lining with downstream control alternatives. Earlier
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downstream control conceptual studies (table 1-1) indicated an appreciable

savings was possible if a steel lining wasn't required. With the

re-introduction of the downstream control, Portland District presented the

concept of a steel conduit within the tunnel along with further studies of

lined and unlined alternatives. SPL subsequently withdrew support of a

downstream control with an unlined pressurized tunnel, citing

geotechnical/dam safety concerns. Only steel lined downstream control

alternatives were studied in detail and results are summarized as follows.

a. Preliminary Design. On 30 September 1987, an In-Progress Review

meeting was held at the Los Angeles District Office relative to downstream

control. At that time preliminary data was provided to SPL which compared

two potential downstream control alternatives with the previously

developed upstream control option. The two downstream control

alternatives consisted of the steel pipe-within-a-tunnel concept and a

full-size steel and reinforced concrete lined tunnel. At that time the

cost estimates for the two alternative downstream control options were

very close and both were estimated to have approximately $3 million

less cost than the upstream control option. In addition to the cost

estimate and layout details, the package also contained preliminary

advantages and disadvantages for each of the downstream control

alternatives.

b. Selection of Alternatives. Through several exchanges of

conversations bewteen SPL and NPP technical staff representatives in late

September and early October, NPP concentrated their efforts on the pipe

within the tunnel concept for the downstream control option. In a letter

to SPL dated 14 Oct, NPP indicated preliminary recommendation in favor of

the downstream control option featuring the pipe within the tunnel instead

of our previously recommended upstream control option. The basis for this

recommendation was a lesser cost and several design advantages that the

downstream control option included compared to the upstream control
option. In a letter from SPL dated 22 October 1987, NPP was instructed to

concentrate future studies for the downstream control option on the steel

pipe within a tunnel concept rather than the steel lined concrete tunnel
option. The reasons presented for preferring this alternative were as )
follows:

i 1-$
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(1) The redundancy provided by a pipe within a tunnel better

(addresses the dam safety concerns for pressurized conduit in light of the

4-foot displacement criteria.

(2) The increased capability to survive eathquake displacements.

(3) The lower cost to repair the conduit following a

displacement.

c. Technical Review Meeting on Downstream Control. On 19 November

1987, representatives of the NPP, SPL, SPD, and OCE held a check point

meeting to further discuss the prelimiary design of the pipe within the

tunnel alternative for downstream control. Advantages of the downstream

control option were verified as follows:

(1) Least cost.

(2) Minimizes tower construction.

(3) Minimizes tunnel construction.

(4) Improved control access.

(5) Overbuild for seismic displacement.

(6) Inspection and maintenance of tunnel possible.

(7) Minimal use of 11-foot pipe (low flow bypass).

(8) Site change claims less likely.

(9) Built-in diversion with low flow system (for inspection and

maintenance).

(10) Electrical and mechanical to upstream control eliminated.

(11) Smaller tower socked into rock. Moves point of fixity.

Decreased seismic loading on tower.

(12) Temporary diversion liner can be allowed to relieve itself

of external long-term hydrostatic pressures.

(13) Future power capability.

Some disadvantages of downstream control are as follows:

(1) Pipe maintenance costs will be equivalent to approximately

k ) $13,000 per year for painting.
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(2) Complex diversion scheme.

(3) Increased maintenance for low flow system.

(4) Tight space for pipe installation and maintenance inside

tunnel.

(5) Two contracts for tunnel/pipe completion.

(6) High downstream velocities (160 fps versus 120 fps).

(7) Complex emergency bulkheading system (if required).

These advantages/disadvantages of downstream control can be compared to

the following primary advantages of upstream control:

(1) Non-pressurized tunnel.

(2) Minimizes exit velocity.

The primary disadvantages of upstream control are as follows:

(1) Permanent reinforced concrete liner required.

(2) Maximizes tower and tunnel construction efforts.

(3) Large tunnel diameter and two bench tunnel construction.

(4) Complex and expensive to provide measures to accoimodate

displacements due to seismic activity, is., major earthquakes.

(5) Cavitation potential.

(6) Tunnel growth due to increased air demand.

(7) Higher freestanding tower potentially infeasible due to

seismicity of site.

Follow on action items were agreed as follows:

(1) Portland District would proceed with finalizing the CDM

documents to reflect the recomended downstream control option featuring

the pipe within the tunnel alternative. No further work by Portland

District will be done on the upstream control option. The question was

raised concerning the justification for two low flow outlet pipes instead

of one (an explanation of the need for two low flow outlets was provided

to SPL in an attacbment to the minutes of this meeting and forwarded on 20

Novener 1987). both the low flow and the minimum discharge lines are

required to met the opration schedule.
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(2) The rationale behind recommending a pipe within the tunnel

for downstream option would be included.

(3) SPL was to provide operational criteria and justification for

the upstream bulkhead gate contained in the present design and located

within the intake tower. The GDM documents reflect the design criteria,

operational justification, and intent for the maintenance bulkhead gate

required by the design.

1.7 Kid-Tunnel Control. As a result of Technical Review Conference (TRC)

held in Los Angeles on 12, 13, and 14 January, the option of a mid-tunnel

control for the Seven Oaks Outlet Works was determined to deserve further

evaluation as part of the CGM process. Portland District was asked to

expand the concept level mid-tunnel control design studies and incorporate

the mid-tunnel control option as a alternative into the final GDM.

a. TRC. January 1988. A number of significant conclusions and

comments resulted from this TRC. The following paragraphs present the

most significant of these issues.

(1) There was considerable concern over the downstream option

concerning the possibility of pipe rupture and subsequent damage created

by the resulting water jet, if this happened near either end of the

conduit.

(2) For the downstream control option, the possibility exists

under a full pool scenario that excessive hydrostatic pressures could be

transmitted to the downstream end where the rock confining stresses near

the portal might be insufficient to prevent a complete blowout of the gate

control structure.

(3) The downstream control option would require considerable

bracing of the pipe and potentially a high level of precision in the pipe

alignment to avoid the effects of the very high forces due to the high

water velocity. If the pipe in the tunnel became deformed or offset, the

excessively high forces of the high velocity water flow would probably

break the pipe loose from the anchoring system.
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(4) The cost of the downstream control valve must be added to the

downstream control option.

(5) The downstream control option must also include provisions

for assuring undrained rock conditions at the upstream end of the tunnel.

(6) The most important dam safety objectives were identified as

the following: the ability to control the reservoir after a major

earthquake; the capability to inspect the outlet facilities following a

major earthquake; and access for repairs following a major earthquake.

(7) It was decided that hydraulic modeling efforts could begin

before the final design selection is made.

(8) The evaluation of the three options will be based on the

following factors: constructibility (location/access/construction

sequence and tunnel size); cost; survivability (earthquake shaking and

deformations); functionality (post earthquake tunnel access, tunnel use

and gate use); dam safety (reservoir control tunnel inspection, and access

and repair); and finally precedence.

(9) The major design objectives will be identified for each of

the design disciplines: geotechnical, structural, and hydraulic design.

b. Revised Scoie. GDM Outlet Works. It was determined at the TRC

meeting that the scope of the 0DM outlet works appendix will be expanded

to include equivalent details of each of the three options studied by

Portland District; i.e., upstream control, downstream control, and

mid-tunnel control. The mid-tunnel control design will be developed to

the similar extent as the upstream and downstream control for the final

GDM document. The alternatives are compared using the aforementioned

criteria listed in paragraph 1.7.a.(8). This comparison is presented in

section 5, Comparison of Alternatives.
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SECTION 2

UPSTREAM CONTROL - OUTLET WORKS

2.1 General. This section describes the regulating outlet (R0) features

for an outlet works with control at the upstream portal. The outlet works

for this dam are located on and through the left abutment (see General

Plan, plate 2-1). The system is comprised of a high level intake tower

with upstream control gates, a regulating outlet/diversion access tunnel,

a downstream access and equipment structure, and an outlet channel

connecting the tunnel portal and an energy dissipating plunge pool.

2.2 Intake.

a. Genera. The intake tower is a 222.5-foot-high tower founded at

elevation (El.) 2,080 within dioritic rock formation. The tower height

was set based on an expected sediment deposition over the project life of

165 feet, or from El. 2,100 to El. 2,265. The sill of the intake tower

for floodflows (normal operating maximum of 8,000 cubic feet per second

(cfs]) is located above the 2,265 elevation. The top 146.5 feet of the

tower are essentially a light circular structure with a maintenance deck

and access bridge at El. 2,299. The tower is considered cantilevered

above El. 2,156 while below it is embedded within the rock mass to provide

fixity for the tower above the rock line. This is required to reduce the

magnitude of seismic stresses within the tower. Below El. 2,156, the

tower is characterized by a more massive rectangular section which houses

the RO entrance, bulkheading, gate room, and downstream air supply and

access. Below El. 2,265, on the left side of the tower, is the multilevel

withdrawal system. This system is a series of small diameter intakes used

to regulate the lower debris pool. Outflow from the withdrawal system

discharges into the large 36-foot-diameter tower vet well or the minimum

discharge line. The tower is designed to operate submerged. The debris

pool after 100 years of reservoir sedimentation or a flood event at year

zero will see the tower submerged, while a standard project flood (SPF)

will submerge the tower by approximately 280 feet.
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b. Asnroach Channel. For the first operating years, the diversion

approach channel will become the operating RO intake channel. The channel

will be approximately 30 feet wide at the bottom, withl side slopes of

1V on 2H. The elevation of the invert at the tower will be 2,100 rising

back naturally to the river channel upstream of the dam site at an

approximate channel length of 1,040 feet and at a 3 percent slope.

c. Access. Tower access to the maintenance deck is required to

perform yearly inspection, maintenance, bulkheading, and debris handling.

The tower will be accessible from a road off of the top of the embankment

dam from the right abutment across the upstream dam face, to the left

abutment where it is cut into rock, to a point imediately downstream of

the tower. The final access leg is accomplished by a 60-foot span

single-lane bridge to the El. 2,299 maintenance deck. The road is

4,800 feet long, sloped at an average of 6 percent, single lane (with

turnouts), and paved. The road will be designed for project crane and

dump truck operations. Longer bridges were investigated to minimize rock

excavations, but preliminary analyses found associated pier heights to be

prohibitive in this seismic environment. Other road alignments on the

left abutment were found to have excessive length and rock excavation.

There was also a Southern California Edison penstock crossing to consider.

d. High Level Intake. The primary intake is designed to pass the

regulated higher flows in accordance with the operating criteria as

depicted in section 6. Upwards of 8,000 cfs can be passed as a normal

design flow through the 116 3-foot 4-inch-square openings covering an area

from El. 2,265 to Rl. 2,292.5. The openings are separated on all sides by

1-foot 6-inch beams (trash struts). Openings extend 315 degrees around

the circumference of the intake tower. Eight hundred square feet are

required for entrance velocity conditions; an additional 489 square feet

have been provided as a safety factor against plugging. Flow past the

trash struts enters a 36-foot-diameter wet well. In the ceiling of the

intake is an 8-foot-square access hatch, provided for inspection, bulkhead

placement, cleanout, and any maintenance required.

)
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e, Wet Well. Within the tower is a 36-foot-diameter circular wet

well. It extends for the full tower height, some 195 feet. The walls of

the tower are constructed on top of a 20-foot-thick massive rectangular

base slab. The walls are mass concrete from the base at El. 2,100 up to

El. 2,156. In plan view, the tower below El. 2,156 is rectangular on the

outside. Above El. 2,156, the tower is circular with a 5-foot-thick wall

reducing to 4 feet for the top 84.5 feet. Near the bottom of the tower

the downstream face of the wet well flattens to form a vertical plane

where the rectangular bell-mouth entrances to the outlet conduits are

found (see plate 2-3). Within the upstream face of the tower at El.

2,100, is a 5-foot-diameter conduit which will be used to facilitate

maintenance at the intake structure.

f. Regulating Outlets. The entrances to the outlet conduits are

found at the bottom of the large wet well. There are three bell-mouth

openings which reduce to two 5- by 9-foot and one 2- by 3 1/2-foot

conduits. The smaller opening will have provisions at the face for

maintenance bulkheading. The larger conduits have 3-foot by 7-foot

bulkhead slots located 18 feet downstream of the bell-mouth entrance. One

maintenance bulkhead would be stored in the slot. The bulkhead slots are

required to extend upward to an elevation above the El. 2,265 expected

sediment level. The bulkhead will be for maintenance only, requiring a

slide-type gate to be used only under static conditions. Should the

reservoir fill while the bulkhead gate is in use, a downstream filling

system will be provided to equalize pressure for bulkhead removal.

g. Hydraulic Slidegates. The two 5- by 9-foot operating slide gates

are located 65 feet downstream of the outlet conduit intakes. Emergency

slide gates are located 8 feet upstream of the operation gates (see plates

2-3 through 2-8). Smaller 2-foot by 3 1/2-foot low flow gates are located

as shown on plate 2-3. The low flow entrance will require a trashrack

with maximum bar spacing of 16 inches. The 2-foot by 3 1/2-foot low flow

gates are required in conjunction with the minimum discharge line. The

low flow gates discharge lower range flows up to 600 cfs. The minimum

discharge line releases flows of between 10 and 90 cfs. Immediately

downstream of the operating gate, air is introduced by use of aeration

(I offsets located about the perimeter of the conduit. This air is brought

from downstream by passages constructed above the outlet conduit.

2-3
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h. Cate Room. A 31-foot by 35-foot gate room with a 25-foot-high

ceiling is provided to house the hydraulic slide gates, and mechanical and

electrical operating equipment. Overhead hoists are provided for mainte-

nance. The room is sized primarily for the handling of gate components

and to house the aforementioned project equipment.

i. Multilevel Withdrawal System. The multilevel withdrawal system

(KWS) consists of two columns of 2-foot 3-inch-diameter ports spaced at

10 vertical feet for the full height of the sediment range (El. 2,100 to

El. 2,265). The ports are located on the left side of the tower and have

horizontal column spacing of 4 feet 6 inches on centerline. This system

regulates the reservoir storage area below the intake tower sill at

El. 2,265. The MWS ports are covered with trashrack grating and discharge

into an 8-foot by 8-foot 6-inch wet well. An access hatch for

maintenance will be located at the top of the wet well. The wet well

discharges into the larger 36-foot wet well through a 5- by 7-foot conduit

at El. 2,100. A trashrack with 6-inch square openings will be provided

between wells. A large manually operated slide gate will be located at

the conduit entrance with an operator located above El. 2,265. This gate

will not be used as a throttling gate, because it will be used either )
fully opened or fully closed. A stoplog slot is located between the

trashracks and wet well. Prior to flood season, sediment stoplogs will be

installed. The concrete stoplogs will be placed in advance of the rising

sediment (approximately 20 to 30 feet above the sediment level to account

for the predicted rise in sediment depth from an SPF event). With the

stoplogs utilized, sediment passage through the project will be minimized.

J. Minimum Discharge Line. Flows between 0 and 90 cfs will be passed

through a minimum discharge line (16-inch pipeline) originating at the

bottom of the MWS wet well. All these flows cannot be accommodated by the

hydraulic slide gates between pool Els. 2,110 and 2,350, see figures 6-6

and 6-7. An operating shaft with an operating and emergency valve will be

provided with access from the gate room (see plate 2-4). The valves will

have power-driven operators and will be controllable from the downstream

access structure. An alternative design is being considered to provide a

3-foot-diameter pressure pipe to carry flow to the downstream end of the

outlet works. Flow would be regulated at the downstream end by a cone )
valve.
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k. Instrumentation. The tower will be typically tied into the

( project survey monitoring program with key points identified by embedded

monuments in the tower concrete. Tiltmeters and extensometers will be

utilized. A seismic accelerograph will be located in the gate room.

Hydraulic instrumentation about the slide gates and immediately downstream

will be utilized to monitor pressure and flow conditions. A specific plan

and types of instrumentation should be developed at the FDM level.

2.3 Regulating Outlet Tunnel.

a. zGer. The outlet tunnel is 1,627 feet in length and can be

constructed either as an oval or horseshoe utilizing conventional drill

and blast techniques (see plate 2-2). Flow will be open channel. Above

the channel is an adit for access to the tower from the downstream

portal. Adjacent to the adit are the two air supply conduits sized to

provide 5,200 ft3/s. Each conduit is 50 square feet and has the

capability to provide additional air at other points within the tunnel if

required.

b. UWstream Transition. Once through the slide gate, the flow passes

through offsets which expand each wall by 6 inches and the floor by

1 foot. For the next 60 feet splitter walls are provided to contain flow

until the discharge jet comes in contact with the invert after leaving

offsets. The flow discharges into a 24-foot-wide by 16-foot-high section

and is constant for 20 feet. The rectangular channel floor then

transitions over 150 feet to a 9-foot radius half circle. The remainder

of the tunnel keeps this shape. The circular channel bottom was desired

as a more efficient structural element to resist external hydrostatic

loading.

c. ILunlPp . The majority of the tunnel, 1,430 feet, is

excavated as either a horseshoe or oval tunnel (contractor option) with an

18-foot-wide by 16-foot-high outlet channel. The tunnel base slope is

.026. Above the channel is an access gallery to the tower. The adit is

6 feet wide and 13 feet high. Electrical conduits, lighting, and HVAC

C\/ duct work will be located in the ceiling. On either side of the gallery
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are air supply conduits for the slide gate aeration offsets. The conduits

are designed to meet expected air demands with additional capacity in the

event more air is needed downstream within the tunnel. Each conduit

supplies 50 square feet of air passage. The air passage and gallery exit

through the downstream access structure.

2.4 Downstream Outlet Structures.

a. Access Structure. The downstream access structure has interior

dimensions of 25 by 35 feet. This structure houses project equipment

(diesel generator, reservoir readouts, control annunciation, HVAC, etc.),

restroom, and storage, and is the upstream gate room access (see plate

2-6). A large rollup door is provided to bring out equipment components.

b. Outlet Channel. Exiting beneath the access structure is the

outlet channel. This channel maintains its circular bottom cross section

until just immediately downstream of the access deck where it begins a

190-foot transition back to a rectangular section prior to discharging

into the plunge pool (see plate 2-6). The channel begins as a U-shaped

wall founded on rock, but finishes out placed on a bedding of processed

backfill.

c. Cutoff Wal. The channel wall terminates 1,869 feet downstream of

the operating slide gate. At this point a cutoff wall has been placed at

the upstream edge of the plunge pool. The cutoff wall protects against

upstream undercutting and is assumed to be required as a near vertical

faced wall.

d. P. A scour hole will be pre-excavated to two-thirds the

depth of the hole that, it is estimated, would form from a constant

8,000 cfs release. This depth will provide initial energy dissipation to

protect structures in the downstream channel until the scour hole reaches

its equilibrium depth. The estimated final scour hole is a sufficient

distance downstream that it will not pose any danger to the dam

embankment. It is 740 feet long and varies from 120 feet to 290 feet wide

at the bottom with side slopes of lV on 3H. Larger rock will be left in )
the basin to accelerate the armoring process.
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e. owntream Aces Road. The downstream access road will 
be a

10 single lane, paved road traversing the 
left abutment as shown (see general

plan).
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SECTION 3

DOWNSTREAM CONTROL - OUTLET WORKS

3.1 General. This section describes the regulating outlet (RO) features

for an outlet works with the control located at the downstream tunnel

portal (see General Plan, plate 3-1). The system is comprised of a high

level intake tower, a RO/diversion tunnel, a pressurized steel RO conduit,

a downstream control and equipment structure located at the tunnel portal,

and an outlet channel connecting the control structures to an energy

dissipating plunge pool.

3.2 intake.

a. G . The intake tower is a reinforced concrete structure

with a maximum height of 222.5 feet partially embedded into a dioritic

rock formation (see plate 3-3). The lower 76 feet of the tower is

surrounded by rock on three sides. The structure cantilevers above El.

2,156 as a freestanding tower for 146.5 feet. The tower height was set

based on an expected sediment deposition over the project life of 165

feet, or from El. 2,100 to El. 2,265. The sill of the intake tower for

floodflows (normal operating maximum of 8,000 cubic feet per second [cfs])

is located at the 2,265 elevation. The tower is designed for operation

under submerged conditions. The top 146.5 feet of the tower is

essentially a light circular structure with a maintenance deck and access

bridge at El. 2,299. Below El. 2,156, the tower is characterized by a

more massive rectangular section which houses the multilevel withdrawal

wet well, RO wet well, maintenance and emergency gating, and conduit

entrances and transitions. Below El. 2,265, on the left side of the

tower, is the multilevel withdrawal system. This system is a series of

small diameter intakes used to regulate the lower debris pool. Outflow

from the withdrawal system discharges into the large 36-foot-diameter

tower wet well. The debris pool after 100 years of reservoir

sedimentation or a flbod event at year zero will see the tower submerged,

) while a standard project flood (SPF) will submerge the tower by

approximately 280 feet.
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b. Aoroach Channel. For the first operating years, the diversion

approach channel will become the operating RO intake channel. The channel

will be approximately 30 feet wide at the bottom, witfi alluvial side

slopes of 1V on 2H. The elevation of the channel invert at the tower will

be 2,097 rising back naturally to the river channel upstream of the dam

site at an approximate channel length of 1,040 feet and at a 3 percent

slope.

c. Access. Tower access to the maintenance deck is required to

perform yearly inspection, maintenance, bulkheading, and debris handling.

The toter will be accessible from a road off of the top of the embankment

dam from the right abutment across the upstream dam face, to the left

abutment where it is cut into rock, to a point immediately downstream of

the tower. The final access leg is accomplished by a 54-foot span

single-lane bridge to the El. 2,299 maintenance deck. The road is

approximately 4,800 feet long, sloped at an average of 6 percent, single

lane (with turnouts), and paved. The road will be designed for project

crane and dump truck operations. Longer bridges were investigated to

minimize rock excavations, but preliminary analysis found associated pier

heights to be prohibitive in this seismic environment. Other road

alignments on the left abutment were found to have excessive length and

rock excavation. There was also the Edison penstock crossing to consider.

d. High Level Intake. The primary intake is designed to pass the

regulated higher flows in accordance with the operating criteria as

depicted in section 3. Upwards of 8,000 cfs can be passed as a normal

design flow through the 116 3-foot 4-inch-square openings covering an area

from El. 2,265 to El. 2,292.5. The openings are separated on all sides by

1-foot 6-inch beams (trash struts). Openings extend 315 degrees around

the circumference of the intake tower. Eight hundred square feet are

required for entrance velocity conditions; an additional 489 square feet

have been provided as a safety factor against pl-ging. Flow past the

trash struts enters a 36-foot-diameter vet well. In the ceiling of the

intake is an 8-foot-square access hatch, provided for inspection,

cleanout, and any maintenance required.
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e. Wet Well. Within the tower is a 36-foot-diameter circular wet

well. It extends for the full tower height, some 195 feet. The walls of

the tower are constructed on top of a 20-foot-thick massive rectangular

base slab. The walls are mass concrete from the base at El. 2,100 up to

El. 2,156. In plan view, the tower below El. 2,156 is rectangular on the

outside. Above El. 2,156, the tower is circular with a 5-foot-thick wall

reducing to 4 feet for the top 84.5 feet. Near the bottom of the tower

the downstream face of the wet well flattens to form a vertical plane

where the square bell-mouth entrance to the outlet conduit is found (see

plate 3-3). Within the upstream face of the tower at El. 2,100, is a

5-foot-diameter conduit which will be used to facilitate maintenance at

the intake structure.

f. Regulating Outlet. The main RO will handle the larger flows,

primarily flows above 300 cfs under normal operating conditions. The

entrance to the RO conduit is found at the bottom of the large wet well.

The opening is an 11-foot square bell mouth opening which transitions

(20-foot transition) to an 11-foot diameter steel pressure conduit. The

RO conduit will have a 4-foot by 15-foot bulkhead slot located 12 feet

downstream of the bell-mouth entrance. The maintenance bulkhead would be

stored in the slot. The bulkhead slot is required to extend upward to an

elevation above the El. 2,265 expected sediment level. The bulkhead will

be a slide gate capable of being lowered by crane under submerged

conditions of a reservoir elevation less than the maintenance deck at

El. 2,299.

g. Low Flow Bypass. The entrance to the low flow bypass is located

at the bottom of the large wet well, to the right of the main RO conduit

(see plate 3-4). The entrance is a 60-inch square bell-mouth which

transitions to a 42-inch steel conduit. The opening will be either gated

for maintenance or have provisions for bulkheading and will have a

trashrack with a 1-foot bar spacing. This line in conjunction with the

minimum discharge line will be used for low flow diversion during the

summer tunnel installation of the main RO conduit.

( h. Multilevel Withdrawal System. The multilevel withdrawal system

(MWS) consists of two columns of 2-foot 3-inch-diameter ports spaced at
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10 vertical feet for the full height of the sediment range (El. 2,100 to

El. 2,265). The ports are located on the left side of the tower and have

horizontal column spacing of 4 feet 6 inches on centerline. This system

regulates the reservoir storage area below the intake tower sill at

El. 2,265. The NWS ports are covered with trashrack grating and discharge

into an 8-foot 6-inch by 8-foot wet well. An access hatch for mainte-

nance will be located at the top of the wet well. The wet well discharges

into the larger 36-foot wet well through a 5- by 7-foot conduit at El.

2,100. A large manually operated wet well sluice gate will be located at

the conduit entrance with an operator located above El. 2,265. This gate

will not be used as a throttling gate, because it will be used either

fully opened or fully closed. A stoplog slot is located between the

trashracks and wet well. Prior to flood season, sediment stoplogs will be

installed. The concrete stoplogs will be placed in advance of the rising

sediment (approximately 20 to 30 feet above the sediment level to account

for the predicted rise in sediment depth from an SPF event). With the

stoplogs utilized, sediment passage through the project will be minimized.

i. Minimum Discharge Line. Flows between 10 and 100 cfs will be

passed through a minimum discharge line (39-inch pipeline) originating at

the bottom of the KWS wet well (see plate 3-4). These flows cannot be

accommodated by the hydraulic slide gates between pool Els. 2,100 and

2,350, see figures 6-1 and 6-2. An upstream sluice gate or bulkheading

will be provided for maintenance. The minimum discharge line transitions

to a 14-inch line within the downstream control structure. Control of

flow is achieved using a 14-inch valve with an emergency ball valve for

emergency backup.

3.3 Regulating Outlet/Diversion Tunnel.

a. Gneral. The outlet tunnel is 1,623 feet in length and will be

constructed as a horseshoe tunnel section utilizing conventional drill

and blast techniques (see plate 3-2). The dimensions of the tunnel will

be 18 feet wide and 18 feet high within the inside face of the concrete

, liner. The liner is required for diversion efficiency (smooth wall

roughness coefficient). Once the embankment dam nears the standard

project flood height, an R0 steel conduit will be installed in the
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diversion tunnel. This conduit will be 11 feet in diameter and is

(designed similar to a pressure penstock. Conduit installation will take

place during the low flow months when the handling of water will be

through the 3-foot 6-inch and 3-foot 3-inch steel pipes located in the

floor of the tunnel. The tunnel has a constant slope of 0.026.

b. Unstream Transition. Zone A. The first 150 feet of the tunnel

contains the conduit transition from a square steel section to an 11-foot-

diameter circular section. This portion of the tunnel will have the

upstream concrete plug. The area between the diversion liner and the

conduit will be plugged with reinforced concrete. The rock mass at inlet

will be grouted and drained. The remaining portion of zone A will have an

18-inch reinforced concrete liner (reference section B, plate 3-2).

c. Zone B. Station 12+90 to Station 19+00. Roughly 600 feet of the

tunnel, upstream of the dam centerline, will have a lightly reinforced

12-inch concrete liner. Contact grouting and a grout ring at the dam

centerline is proposed. Minimum provisions for drainage will be provided

and a continuous gravel floor drain is planned for external pressure

relief. Minimal external hydrostatic loading is expected in this zone

(reference section C, plate 3-2).

d. Zone C. Station 19+00 to Station 27+57. The remaining 857 feet of

tunnel has an unreinforced concrete liner. Contact grouting will be done

between rock and concrete. At the downstream portal the tunnel liner will

be reinforced for the expected portal rock loads. The downstream

transition from 11 feet circular to 11 feet square takes place just before

exiting the tunnel. No external hydrostatic loads are expected in this

zone. The tunnel space between liner and conduit will be provided with a

man adit, air passage, and nominal floor drainage.

3.4 Downstream Control and Outlet Structures.

a. Control Structures.

(1) Geeral. The downstream control structures are comprised of

three monoliths. The first houses conduit transitions, tunnel access,
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and acts as the gate structure access deck. The second monolith, the gate

structure, is 38-foot square and houses all control gating and related

project equipment (diesel generator, reservoir readouts, control

annunciation, HVAC, etc.), restroom, office, and storage (see plate 3-6).

A large roll-up door is provided to transport project equipment. The

larger gate components can be moved through access hatches located in the

roof. The third monolith channelizes the flow downstream, serves as a

crane deck, and has a large air grating to provide air for all hydraulic

gate aeration.

(2) Hydraulic Slide Gates. The two 5- by 9-foot operating slide

gates are located approximately 90 feet downstream of the tunnel portal.

Emergency slide gates are located 8 feet upstream of the operation gates.

The smaller 2-foot by 3 1/2-foot gates are located as shown on plate 3-6.

The 2-foot by 3 1/2-foot low flow gates are required in conjunction with

the minimum discharge line. The low flow gates discharge lower range

flows up to 500 cfs. The minimum discharge valve releases flows of

between 10 and 100 cfs. Immediately downstream of the operating gate, air

is introduced by use of aeration offsets located about the perimeter of

the conduit. )

b. Outlet Channel. Exiting from the control structure are four

distinct channels. The two larger channels provide passage for the flows

being released from the two 5-foot by 9-foot hydraulic slide gates. The

channel is broken into four monoliths. Each monolith section is

approximately 45 feet long, has a channel width of 11 feet, and has walls

16 feet in height. The smaller channels are 3 feet wide and are used for

low bypass and minimum discharge releases (see plate 3-5). The smaller

channels will also be used for the summer diversion flows during RO

conduit installation.

c. FU uce. At the end of the outlet channal, a flip bucket will

be provided to discharge the outflows from the two main regulating

outlets. The flip bucket will be approximately 70 feet long and 20 feet

high at the lip from the channel invert, with a radius of 120 feet. (See

Hydraulics Section of GD for further details.) Provisions will be made

for the flip bucket to drain low flow discharges through the RO outlet

channels. Further refinements to the flip bucket trajectory angle and
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alignment will be investigated in the FDH level to minimize the outlet

channel length, plunge pool configuration, and impacts to the downstream

access road to the outlet works. The flip bucket will have drains to

resist ponding water.

d. Cutf Wal. The outlet channel terminates approximately 329 feet

downstream of the operating slide gate. At this point a cutoff

wall/splash slab has been placed on the upstream plunge pool slope. This

slope is partially excavated and partially builtup with processed and

compacted backfill. The cutoff wall protects against upstream

undercutting of the outlet channel structure. To resist uplift, the wall

most likely will need to be anchored to the backfill with earth anchors

extending through the concrete using pressure grout anchor systems.

e. Plunge Pool. A scour hole will be pre-excavated to two-thirds the

depth of the hole that theoretically would form from a constant 8,000 cfs

release. This depth will provide initial energy dissipation to protect

structures in the downstream channel until the scour hole reaches its

equilibrium depth. The estimated final scour hole is a sufficient

distance downstream that it will not pose any danger to the dam

embankment. It is approximately 740 feet long and varies from 120 feet to

290 feet wide at the bottom with side slopes of IV on 3H. Larger rock

will be left in the basin to accelerate the armoring process.

f. Downstream Access Road. The downstream access road will be a

single lane, paved road traversing the left abutment as shown (see general

plan).

3.5 Instrumentation. The tower and downstream structures will be

typically tied into the project survey monitoring program with key points

identified by embedded monuments in the concrete. Tiltmeters and

extensometers will be utilized. A seismic accelerograph will be located

in the gate room. Hydraulic instrumentation about the slide gates and

immediately downstream will be utilized to monitor pressure and flow

conditions. A specific plan and types of instrumentation should be

developed at the FDM level.
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SECTION 4

KID-TUNNEL CONTROL - OUTLET WORKS

4.1 General. This section describes the regulating outlet (RO) features

for an outlet works with control gating located within the upstream rock

mass (see profile, plate 4-2). The system is comprised of a high level

intake tower, an RO diversion tunnel, an upstream segment of pressurized

tunnel, and controls at approximately 435 feet downstream of the tunnel

entrance with shaft access and tower. An open-flow channel tunnel

continues downstream of the control structure with an outlet channel

connecting the tunnel portal to an energy dissipating flip bucket and

plunge pool.

4.2 Intake.

a. General. The intake tower is a reinforced concrete structure

with a maximum height of 222.5 feet partially embedded into a dioritic

rock formation (see plate 4-3). The lower 76 feet of the tower is

surrounded by rock on three sides. The structure cantilevers above El.

2,156 as a freestanding tower for 146.5 feet. The tower height was set

based on an expected sediment deposition over the project life of 165

feet, or from El. 2,100 to El. 2,265. The sill of the intake tower for

floodflows (normal operating maximum of 8,000 cubic feet per second (cfs])

is located at the 2,265 elevation. The tower is designed for operation

under submerged conditions. The top 146.5 feet of the tower is

essentially a light circular structure with a maintenance deck and access

bridge at El. 2,299. Below El. 2,156, the tower is characterized by a

more massive rectangular section which houses the multilevel withdrawal

wet well, RO wet well, provisions for maintenance gating, and minimum

discharge entrance and piping. Below El. 2,265, on the left side of the

tower, is the multilevel withdrawal system. This system is a series of

small diameter intakes used to regulate the lower debris pool. Outflow

from the withdrawal system discharges into the large 36-foot-diameter

tower wet well. The debris pool after 100 years of reservoir
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sedimentation or a flood event at year zero will see the tower submerged,

while a standard project flood (SPF) will submerge the tower by

approximately 280 feet.

b. Anroach Channel. For the first operating years, the diversion

approach channel will become the operating RO intake channel. The channel

will be approximately 30 feet wide at the bottom, with alluvial side

slopes of IV on 2H. The elevation of the channel invert at the tower will

be 2,100 rising back naturally to the river channel upstream of the dam

site at an approximate channel length of 1,040 feet and at a 3 percent

slope.

c. hsS&M. Tower access to the maintenance deck is required to

perform yearly inspection, maintenance, bulkheading, and debris handling.

The tower will be accessible from a road off of the top of the embankment

dam from the right abutment across the upstream dam face, to the left

abutment where it is cut into rock, to a point immediately downstream of

the tower. The final access leg is accomplished by a 60-foot span

single-lane bridge to the El. 2,299 maintenance deck. The road is

approximately 4,800 feet long, sloped at an average of 6 percent, single

lane (with turnouts), and paved. The road will be designed for project

crane and dump truck operations. Longer bridges were investigated to

minimize rock excavations, but preliminary analysis found associated pier

heights to be prohibitive in this seismic environment. Other road

alignments on the left reservoir were found to have excessive length and

rock excavation. There was also the Southern California Edison penstock

crossing to consider.

d. High Level Intake. The primary intake is designed to pass the

regulated higher flows in accordance with the operating criteria as

depicted in section 6. Upwards of 8,000 cfs can be passed as a normal

design flow through the 122 3-foot 4-inch-square openings covering an area

from El. 2,265 to El. 2,292.5. The openings are separated on all sides by

1-foot 6-inch beams (trash struts). Openings extend 315 degrees around

the circumference of the intake tower. Eight hundred square feet are

required for entrance velocity conditions; an additional 556 square feet

have been provided as a safety factor against plugging. Flow past the )
trash struts enters a 36-foot-diameter vet well. In the ceiling of the
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intake is an 8-foot-square access hatch, provided for inspection,

(. -cleanout, and any maintenance required.

e. Wet Well. Within the tower is a 36-foot-diameter circular wet

well. It extends for the full tower height, some 195 feet. The walls of

the tower are constructed on top of a 20-foot-thick massive rectangular

base slab. The walls are mass concrete from the base at El. 2,100 up to

El. 2,156. In plan view, the tower below El. 2,156 is rectangular on the

outside. Above El. 2,156, the tower is circular with a 5-foot-thick wall

reducing to 4 feet for the top 84.5 feet. Near the bottom of the tower

the downstream face of the wet well flattens to form a vertical plane

where the square bell-mouth entrance to the outlet conduit is found (see

plate 4-3). Within the upstream face of the tower at El. 2,100, is a

5-foot-diameter conduit which will be used to facilitate maintenance at

the intake structure.

f. Regulating Outlet. The main RO will handle the larger flows,

primarily flows above 300 cfs under normal operating conditions. The

entrance to the RO conduit is found at the bottom of the large wet well.

The opening is an 18-foot horseshoe opening. The RO will have a bulkhead

slot located at the RO entrance. The maintenance bulkhead would be stored

at the bridge abutment. The bulkhead will be a slide gate capable of

being lowered by crane under submerged conditions of a reservoir elevation

less than the maintenance deck at El. 2,299. Guides for the bulkhead are

located on the interior of the RO wet well (see plage 4-3).

g. Multilevel Withdrawal System. The multilevel withdrawal system

(MWS) consists of a single column of 3-foot 8-inch-diameter ports spaced

at 10 vertical feet for the full height of the sediment range (El. 2,100

to El. 2,265). The ports are located on the left side of the tower. This

system regulates the reservoir storage area below the intake tower sill at

El. 2,265. The IWS ports are covered with trashrack grating and

discharge into an 8-foot 6-inch by 8-foot wet well. An access hatch for

maintenance will be located at the top of the wet well. The wet well

discharges into the larger 36-foot wet well through a 5- by 7-foot conduit

at El. 2,100. A large manually operated wet well sluice gate will be
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located at the conduit entrance with an operator located above El. 2,265.

This gate will not be used as a throttling gate, because it will be used

either fully opened or fully closed. A stoplog slot is located between

the trashracks and wet well. Prior to flood season, sediment stoplogs

will be installed. The concrete stoplogs will be placed in advance of the

rising sediment (approximately 20 to 30 feet above the sediment level to

account for the predicted rise in sediment depth from an SPF event). With

the stoplogs utilized, sediment passage through the project will be

minimized.

h. Minimum Discharge Line. Flows between 10 and 100 cfs will be

passed through a minimum discharge line (24-inch pipeline) originating at

the bottom of the NWS wet well (see plate 4). These flows cannot be

accommodated by the hydraulic slide gates between pool Els. 2,100 and

2,350, see figures 6-1 and 6-2. Upstream bulkheading slots will be

provided for maintenance. The minimum discharge line transitions to a

14-inch line within the mid-tunnel control structure. Control of flow is

achieved using a 14-inch valve with an emergency ball valve for backup.

An alternative design is being considered to provide a 3-foot-diameter

pressure pipe to carry flow to the downstream end of the outlet works.

Flow would be regulated at the downstream end by a cone valve (see plate

5/6).

4.3 Regulating Outlet/Diversion Tunnel.

a. General. The outlet tunnel is 1,647 feet in length and will be

constructed as a horseshoe tunnel section utilizing conventional drill

and blast techniques (see plate 4-2). The dimensions of the tunnel will

be 18 feet wide and 18 feet high within the inside face of the concrete.

An 18-foot-wide blockout within the control structure will allow passage

of diversion flows during the embankment construction. Once the

embankment dam nears the standard project flood height, the mid-tunnel

gating will be installed in the diversion tunnel. Gate installation will

take place during the low flow months when the handling of water will be

through the minimum discharge unit or staged through either side of the RO

conduit blockout. The tunnel has a constant slope of 0.026.

4
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b. Zone A. Station 11+30 to Station 15+08. The first 328 feet of the

tunnel is a pressurized 18-foot horseshoe with thick heavily-reinforced

concrete walls able to withstand ths external and internal loads expected

for this zone. The remaining 50 feet contain a 25-foot-transition to a

23-foot-wide horseshoe followed by a 25-foot-straight section prior to

entering the 5- by 9-foot RO conduits within the control monoliths.

c. Zone B. Station 15+04 to Station 16+90. The mid-tunnel control is

comprised of five sections. The first section is 28 feet in length and

houses the entrances for the low-flow bypass and the two RO conduits. The

next section is the main aid-tunnel control monolith. This section is

57 feet long and contains all the regulating gating and associated

equipment and shaft access. This section is a large horseshoe, 45 feet

wide by 59 feet high. The remaining downstream monoliths total 104 feet

in length. The sections are horseshoe, approximately 34 feet wide by 28

feet high. The sections have the conduit transitions with splitter walls

(see plate 4-2).

d. Zone C. Station 16+90 to Station 27+57. This tunnel section

contains a 20-foot straight section with an inside width of 24 feet. The

tunnel then transitions over 65 feet to the typical 18-foot-wide open-flow

horseshoe section which extends for 982 feet until it exits at the

downstream portal.

4.4 Mid-Tunnel Control. The mid-tunnel control structure is located

approximately at the first quarter point from the upstream portal, between

Stations 15+35 and 15+86. This structure houses the RO conduits, minimum

discharge system, hydraulic slidegates, gate room, and the interception

with air and access shafts.

a. Regulating Outlets. The entrances to the outlet conduits are

found within the tunnel upstream of the control monolith. There are three

bell-mouth openings which reduce to two 5- by 9-foot and one 2- by

3 1/2-foot conduits (see plate 4-5). The smaller opening will have a

steel trashrack at thb face sized for the smaller conduit (16-inch bar

(spacing). Maintenance bulkheading for these conduits will be accomplished

at the intake tower.
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b. Minimum Discharge System. The minimum discharge line will

transition from 24 inches to 16 inches just upstream of the valve pit. An

in-line disc valve will be used for primary control wfth a ball valve for

emergency usage. Flows will discharge into an 18-inch by 24-inch conduit

which transitions into a 12-inch by 24-inch section. The conduit then

extends downstream, enclosed in one of the separator piers as shown on

plate 4-5.

c. Hydraulic Slidegates. The two 5- by 9-foot operating slide gates

are located 50 feet downstream of the outlet conduit intakes. Emergency

slide gates are located 8 feet upstream of the operation gates (see plates

4-5 and 4-8). Smaller 2-foot by 3 1/2-foot low flow gates are located as

shown on plate 4-5. The low flow entrance will have a trashrack sized for

two-thirds by the least conduit dimension equal to a maximum opening of 16

inches. The 2-foot by 3 1/2-foot low flow gates are required in

conjunction with the minimum discharge line. The low flow gates discharge

lower range flows up to 500 cfs. The minimum discharge valve releases

flows of between 10 and 100 cfs. Immediately downstream of the operating

gate, air is introduced by use of aeration offsets located about the

perimeter of the conduit. This air is brought to the conduits by way of a

vertical 10-foot-diameter air shaft.

d. Gate Room. A 41-foot by 34-foot gate room with a 30-foot-high

ceiling is provided to house the hydraulic slide gates, and mechanical and

electrical operating equipment. Overhead hoists are provided for

maintenance. The room is sized primarily for the handling of gate

components and house the aforementioned project equipment (see plates 4-5

and 4-6).

e. Access and Air Shafts.

(1) A. An 18-foot OD, 411-foot access shaft is

required to provide elevator and stairway access, mechanical and

electrical conduits, and equipment removal. The shaft will be accessed by

means of the control tower located above El. 2,550 at the top of the

shaft. The shaft will have a reinforced and drained concrete lining.
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(2) Air Shaft. The air shaft is primarily a 10-foot ID shaft

with a shotcreted and drained lining. The shaft will transition from

10-foot circular to a 6-foot by 12-foot rectangular section which

bifurcates to provide air to the separate RO conduits (see plate 4-5). A

60-foot tower will be required to put the air intake above the high pool

level.

(3) Shaft Alternative. A single shaft containing elevator,

equipment and man access, and air supply was considered (see plate 4-5).

This shaft was sized at 24-feet in diameter. It required more excavation

and concrete than the two smaller shafts. The dual shaft concept also

allows for the potential of using raised bore mining technology. The

single shaft has an awkward air transition in the roof of the control

structure. By itself, the single air shaft does not require a lining or

drains whereas when combined into one shaft, total material volumes are

increased. The material volumes increase because the larger shaft is

lined, most likely drained, and designed for the expected external

hydrostatic loads.

4.5 Control Tower. At the top of tke access shaft, an 80-foot control

tower will be required to put the entrance above the expected high water

level. This tower will house the elevator machinery, gating controls, and

related project equipment (diesel generator, reservoir readouts, control

annunciation, HVAC, etc.), restroom, office, and storage. An estimated

60-foot access bridge will be required. A roll-up door is provided to

access project equipment. Large gate components will be removed by crane

through access hatches located in the roof.

4.6 Downstream Outlet Structures.

a. Exit Channel. Station 27+57 to Station 29+70. Upon exiting the

tunnel, flows pass through 213 feet of concrete U-channel prior to being

flipped and discharged into a plunge pool. The channel is 18 feet wide

with 16-foot sidewalls (see plate 4-7).

(
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b. Flip Bucket. Station 29+70 to Station 30+40. At the end of the

outlet channel, a flip bucket will be provided to discharge the outflows

from the two main regulating outlets. The flip bucket will be

approximately 70 feet long and 20 feet high at the lip from the channel

invert, with a radius of 120 feet. (See Hydraulics Section of GDM for

further details.) Further refinements to the flip bucket trajectory angle

and alignment will be investigated in the FDM level to minimize the outlet

channel length, plunge pool configuration, and impacts to the downstream

access road to the outlet works.

c. Cutoff Wall. The outlet channel terminates approximately 283 feet

downstream of the tunnel portal. A near vertical faced cutoff wall is

assumed required. At this point a cutoff gravity wall has been placed

beneath the flip bucket. The cutoff wall protects against upstream

undercutting of the outlet channel structures. A gravity wall has been

utilized for its inherent abilities to withstand abrasion and a wide base

is provided to minimize bearing, sliding, and settlement problems.

d. P gePoo. A scour hole will be pre-excavated to two-thirds the

depth of the hole that theoretically would form from a constant 8,000 cfs
release. This depth will provide initial energy dissipation to protect

r
structures in the downstream channel until the scour hole reaches its

equilibrium depth. The estimated final scour hole is a sufficient

distance downstream that it will not pose any danger to the dam

embankment. It is approximately 740 feet long and varies from 120 feet to

290 feet wide at the bottom with slide slopes of 1V on 3H. Larger rock

will be left in the basin to accelerate the armoring process (see plate

4-8).

e. Downstream Access Road. The downstream access road will be a

single-lane, paved road traversing the left abutment as shown (see general

plan).

* 4.7 Instrumentation. The tower and downstream structures will be

* typically tied into the project survey monitoring program with key points

identified by embedded monuments in the concrete. Tiltmeters and

4-8



extensometers will be utilized. A seismic accelerograph will be located

in the gate room. Hydraulic instrumentation about the slide gates and

immediately downstream will be utilized to monitor 
pressure and flow'

conditions. A specific plan and types of instrumentation should 
be

developed at the FDM level.

4-9



CORPS OF ENGINEERtS 4 3

253. /-
XI

2092.5

Do (:1

x/

2068

2063.1

Bx

X 2049. 2 7 .

6~x



2102

F ~21130 --

/ - - 21Z5 -

- r ~2092. =- -

-- '. X- 2127-1

- 211.0

600

'230 30

T B/771156>1.57'



CORPS OF ENGINEERS 4 3

D

INAK PROTSHFIL ULTWRSTNE

EL.LE 21000

PT. 
-EL 210

PLANILE OUTLET WORKS TUNNEL
SCALE. r P0 4~l

20,

S' X S' HtYDRAU.LC ~ PAT

2'X3'-&** LO.FO CNDI

L INE~

A

SESECTION(

W SECT ON B

h. 43



2 1U. S. ARMY

D

T. *2 E .2056.0
TA. 30*40

TUNNEL

I INSTALL ROCK BOLTS 1n ATOW
y NOCRETE (~ AINS

ADSTICKEN

E7EL~ 7PLACE

NORKS TUNNEL (1) C DRILL AMD BLAST SALL

4 W"A4CL ENOCMN

TUNNEL ING SEQUENCE

FLOW COMMIT?

J.Sffft ENG~ ISEERIC Uv.5.tl ENQGI DISTRICT
POTAD5SWC I LOS AMLES

Ns CORP OF ENGINEERS
@KNOW NIU SIUITEN.CoLtrNSA

O ova=SEVEN OAKS DAM
S E T ON -CNOUTLET WORKS

SCALE.!. 10' MID-TUNNEL CONTROL

SECTONa4 K.SWNS" PLA. FIL. ~rtP,#f
scALzr v or. M

2 L.zo



CORPS OF ENGINEERS 4 3

CL. 2302.5ST
E~o 22"*.

E & 225*

4 3



2 u.s. ARuY

D

a.m. AIOVE .. AT XI

SECTIOND

PLAN - R.O. BULKHEAD

._N

II H

-\ ,

J' CAL

VOIT SKIN SKIN t

a" " JVSIK I _ES.

kC

(TYP

' " - - - - ------

., a si- SKN I I%

." - ------

a~ I*- x 1-_

t - -_ i,. - ..-- ..-- ..--.
"I TO SEAL

8Tm SEAL.

NFORCEMENT (TYP.) om $TRESCTO

VIE 814 S EEATL O

ELEVATION
R.O. MAINTENANCE BULKHEAD

I -I --

U.S.ARlY ENGINEER DISTRICT I U.S.AWY ENGINEER DISTRICT
PORTLLONS

C f COOF CG CRPS F £IlERS

m- 0, SAWTA SA SIWU MKINSTE.KIIWAA

SEVEN OAKS DAM
OUTLET WORKS

MID-TUNNEL CONTROL

INTAKE TOWER

S. KONW SECTIONS & MISC. DETAILS

3t IlIAB. -41 ...... . S4K S-... -4/3

on*gau~o :s IQ -s-1 a.

21vm-----'-- -- wi



CORPS OF ENGINEERS 4 3

EL. 2269. OPNIG

Y-4,'-INS X -. ,

LON POOL MLILTI-LEVEL I, .-
WITHDRAWAL SYSTEM S SPACD

6' SPACID TRASHRAC

ILUIS.

I '
EL. 220. "1 T IL

EL. 21S6601

TVP. SPACING I I 1 24'* MINIMIM DI

DIVERSION CHANNEL.

, IL. 100.0EL. 2103.0
.0SECTION(

___ ___SCALE- r 1 0', -EL. 2O0.O SAEP 0

INTAKE TOWER ELEVATION
SCALE: F - 20'

MAINTENANCE
DECK/ EL. 2299 0

I a- X a' m .- "

MAI NTENANCE
MATCH

B!

I- 0
S EL. 2302.5---o

ESTSL T . . .. . . .

/ / \I

II I \

I I"

~I

II 1 ..... I I

\ I
A I I I \I

A ,,I __I I

EL. 2275.0 I

SECTl ON"C" EL. 2302.5~OS,: k_,fSETON[
....... ' * w\...,,o/

* 4 3 t,



2 u.S. ARMY

3k. 2 _VW
56"-0"

1'-TJ L 23"-O
°

I D

3S SFACED TRASNACK

A '

IkCK
TWASMRA MAINTENANCE o

WELL i..§i

0. A

24'4 yIK DISCOAA43E PIPE

PIPE I/-I
Iii \

1I03.0 EL. 2175.0

CTION/A SECT ION85

bOIL

- w

MAINTENANT E -

EL.v9%. 0

4ATCH~i

0 - ~ B

' - '3

-- ROOF CURVE DATA

MINIMUM DISCHARGE CONDUIT
---- SCALE: , S"

I I

•?

U.S.AY ENGINEER DISTRICT U.S.A r ENGINEER DISTRICT
PWRTL AM LOS ANWLESD RE Acows w NmoIEs COWS OF ENOIEEUSSID CUVE ATASATA Aft RIW.O IIINST II.CkW.AIM[I

FM It OEEA KSl'C'MMINIMUM DISCHARGE CONDUIT A. Comm
L.~~~a 2325oIErUVEDT SEVEN OAKS DAMOUTLET WORKS

L 2302.5 SaMID-TUNNEL CONTROL
SECTION~o INTAKE TOWER

S. K ELEVATION & PLAN SECTIONS

lieu m i I?1 l, svlll . *P.E,

__ _ L mma4.o- __. .. AK-20-4/4z _OA
2

emm "'~q''m.L+ +... -... ... .....- ... ,' ". : - I ... ...,+:. , .... , , ,n r- ,  . .. '-

. . . .. . . ... ..4.. . .. . .



COAS OF ENGINEERS 43

ACCES

ELEVATOR

ELEvArOR SHAFT

ICORAJK SLIDE GATSTtES

S SPACD j 4' -

C 224'

EL. 290. 2LINECONE

PROFILE MID-TUNNEL CONTROL

SCAEI 0 1

'n -I BYE

-: -- - -- - - - -

I -- -- -- -- -

PLAN -MID-TUNNEL CONTROL



2 1U. S. ARMY

ACCCESS

ELEVATORD

SHOTCRETESHF

SETONrr SCINi

SCALED P S \t 
SCALES! =5'

. 9, ELVA TO S HAFE GATES

EUUINET ACES

ISCIMUM 
SINGLE HAFT ALTERNATIVE

LINE (ABOVE; 
SCALE. r 10'

...a. . *. 77~

ENIERDSRC .$.M NIERDSRC

U.S~.ORTAN.. . .A.0LE

cow 
8'. .'INER 

COP-FE.IE

0. aws 
;1. -

C:-

POTLU T L OSEATGELE
CO. P r ~cOF I E TUNNELR COROL NIER

I A* SGI NS9N
0. SEVEN OAKS A

'own W.CONTROL
K. SASNPLAN AND PROFILE

~Irmo 9, DM1 *,

u.IS.NINX4E W..1 5 jm-fhl.IJ AK-2-/5

mi2



CORPS OF ENINEERS 43

6PLA X.4 ELLE2109.

1-0.~L SLIE AM

B~AI 
SWRY 

LYI

PLAN~EL 21L 21

-M IEIMLO



2 1 U. S. ARMY

12'-0' IR SUPPLY

"~CHARM 4

OtC*R LINE~

cggmm TOWE ELEVtO41

MACNWER HYRUI

SLD/AE

CONTROE L TOPPI. ELOVATOR

MACH INERY

to ID Ali

4j4

EL.-z '*.U.S. MW 131WW OSR U.S.AY EUSINIW ISYICT

canS a M SIRW CoWS OF ca
O1A m. RIWI mITUvMW

I. OAM tu~.Wt
SEVEN OAKS DAM

OUTLET WORKiS
N P ETINI\S. 121U MID-TUNNEL CONTROL

dome s. CONTROL.
S. KMPLANS AND SECTIONS

m u~~MN 
tons. D..-y. 

~ m. .



3

CORPS OF ENGINEERS _4

D

TYPICAL ROAD SECTION

N N N.EXISTING ROCK LINE

S N .L. 2071

.~ EL. 20t0 WALL

PROF ILE EXIT CHANNEL
lfSCALLr 2O

VALVE PIT-

4 
3'



18.U. S. ARM

0

C4.

-- - - -

niT-p 
P PamL

J2L... - ALL

CHANNEL.B

4m 
a S 

- - -

U..Y wK DSTRICT wmm u..3O~DSTICT

a ® 
w s OF SaiUW S C.W OF NIIWAS

SEVENRA OR KSE DAA

17-7 OUTLET WORKS

4. .lS.om 
MID-TUNNEL CONTROL

EXIT CHANNEL AND
t. "mm 0/S CONE VALVE ALTERNATIVE

DOAUUTREAM CONE VALVE -74-
2 ----



CORPS OF ENGINEERS 43

S.7 MET WELL SLUICE CATE IMEM bS1A

MAINTENANCE BULX"

- -- - - - - PLAN - -N AK TOWER- - - - -

WET WLL1 -

BK

PLA - INAEOE



2 1 u.S. ARMY

14-f'01A. GATE VALVE

/D

_ 4
EVERGI E:C REO.ATtNG SERVICE REGULATING

OUTLET GATE OUTLET AllE (TYP.)

PLAN - CONTROL ROOM

scAEf r-O.

I.SEE DRA&WING OAK-20-1/4 FOR FRONT
ELEVATION OF SLIDE GATE AND HYDRAULIC
SCHEMATIC DIAGRAM.

-I - ..-

U.S."V fIatS IS0 T T U.S. ENGIEER DISTRICT
P, lmSo Los iLES

. U MIN (A tm
amfr, SEVEN OAKS DAM
0.8. OUTLET WORKS

MID-TUNNEL CONTROL

MECHANICAL EOUIPTMENT LAYOUT

URN. I mint 14-81

2 1

.7 ______,,,__,,__i___,__I_,___--I-,I. I



CORPS OF ENGINEERS 43

TO SO. CAL. to. LINE

f
nu NRi.POTECTZ0 &- ----

D * IETERiNG ST UT[Ltry - - - -y7 'WOK,

IT -1

N_ E I

KMOtTVV

PAEBOR 001_~

g. owl,, 
.



2 , U.S. ARMY

LEGEND

_48 , SO . - GENERATOR D

n) MOTORftT~t 4~ 1 f 1777RECEPTACLE. 30. 460V
CIRCUIT OREAJ(CR OR) MOTOR CIRCUIT PROTE.CTOR

', 1 § MOTOR STARTER OR COITACTOR

M3 AUTO-TRAN$FERt SITCH
NoNOtiAL

Im
~: :

MOTOR CONTROL CENTER 002

U.S.AY EIUIG R SISIICT U.S.~ ElliNEER DISTRICT

PII ORTLANDElc EIIsIIER

iiiImw RW I U T!.&III

SEVEN OAKS DAM
OUTLET WORKS

A'm MID-TUNNEL CONTROL
Ed ONE-LINE DIAGRAM

-d l ----- I-

SkaAT Z-

'A' " 7 104/



SECTION 5

COMPARISON OF THE OUTLET WORKS ALTERNATIVES

5.1 jG j. Evaluation of the Seven Oaks Outlet Works is separated into

three areas (criteria): earthquake survivability, outlet works costs, and

operability (O6M). The final design selection is based primarily on the

best alternative with regards to its ability to "survive" the design

earthquake and associated consequences and construction costs.

5.2 Advantares and Disadvantages. A broad listing of advantages and

disadvantages are summarized for the three alternatives as follows:

a. Upstream Control.

Advantagu Disadvantau

Non-pressurized tunnel Maximizes tunnel excavation

Minimizes exit velocity Maximizes liner construction

If tunnel shears, can minimize Maximizes tower construction

tunnel erosion damage

with control at upstream

Two bench tunnel construction

required

Risk of losing gate access under

tunnel displacement scenario

Safe access to gates may be delayed,

following an earthquake, due to

aftershocks

No repair bypass

Tunnel/channel cavitation potential

5-1
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Large air demand

Difficult to drain pool if

earthquake jams gates at small

openings

Maintenance of minimum

discharge line

Cavitation potential - minimum

discharge line

b. Mid-Tunnel Control.

&AflagflI Disadvantague

Gate chamber access improved 24-inch conduit maintenance

over upstream control

No bypass downstream of gates

Dual shaft design is amiable No high pool control upstream

to economies of raise bore of gates

mining techniques

Potential for cavitation in

minimum discharge line

Requires upstream cofferdam with

two heading tunnel construction

Low flow trashrack cleaning

Cavitation poteatial in tunnel

Maximizes construction efforts

features, and sequencing

Greatest change order potential )
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Shaft/tunnel intersection

complex and expensive to build

High damage potential due to

shear displacement in

shaft/tunnel and controls

Safe access to gates may be

delayed, following an earth-

quake, due to aftershocks

Shaft siting, analysis, and

explorations extensive

c. Downstream Control.

Separate exit chutes Maintenance of conduits

Operational flexibility High velocities in 11-foot

RO conduit

Low cavitation potential

High exit velocity (160 fps)

Simple aeration

Potential for dynamic water

Minimizes tunnel construction loads on RO conduit

Good access to controls Complex and expensive upstream

emergency gate if required

Overbuild for seismic displacement

Seismic displacement may

Minimizes use of 11-foot RO pressurize tunnel downstream of

embankment

Built-in diversion capability

Future power potential Complex diversion sequence

( Best gate/control earthquake

survivability
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5.3 Evaluation Criteria. The principal criteria which influence

alternative selection the greatest are earthquake survivability and

construction costs. Earthquake survivability, functidnality, and dam

safety were all considered to encompass dam safety concerns and are

assumed to have the same objectives: reservoir control, access,

inspection, and repair. At the January 1988 TRC these objectives were

presented as the ability to control the reservoir after a major

earthquake; the capability to inspect the outlet facilities following a

major earthquake; and access for repair following a major earthquake. In

a CESPD-ED-PC letter dated 14 March 1988, Subject: "Seven Oaks Outlet

Works - Design Critera," CESPD directed the use of the following criteria

at the urging of the USACE Dam Safety Office. Specifically, "Design of

the outlet works would have to account for design earthquake requirement

of 0.7g rock acceleration and up to 4 feet displacement in any direction

on any one of many planes," and "the design would have to demonstrate the

best probability to provide positive control of the reservoir should this

event occur." To further qualify the displacement, if the postulated

maximum 4-foot displacement should occur on a single plane, that plane

would be a significant shear already in existence and should be

identifiable. Any displacement, however, would most likely be distributed

unequally among these and lesser shears. Therefore, the displacement

literally could occur along any of these planes of weakness and in any

amount up to a cumulative total not to exceed 4 feet through the site.

The criteria requires that it be possible to either store or release any

pool behind the dam at the discretion of the operator following the design

earthquake. As presented, it is felt that this criteria requires further

discussion and clarification. With respect to the Seven Oaks project, the

first priority following a major earthquake will be to draw down the

reservoir. Due to the threats of aftershocks, no access or inspection

will be allowed until the reservoir is lowered and the upstream

maintenance bulkhead is in-place. The first criteria is then to allow

reservoir withdrawal immediately following a major earthquake. It would

be undesirable to utilize an upstream emergency gate under high pool with

the threat of aftershocks. A Jammed upstream gate in a lowered position,

under a high pool, would be unaccessible for repair. )
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The outlet alternatives are evaluated by comparing the key system

components and their respective capabilities to survive earthquake

deformation and shaking. Key components are such features as gate

systems, control structures, tunnel, conduits, accesses, bridges, towers,

and concrete plugs. These features are evaluated, each in turn with

respect to their impact on survivability and dam safety. Construction

cost is another principal cost item to be evaluated. Other items

considered, but of a secondary nature relative to selection are:

Cost items: Operations and maintenance

Constructibility: Diversion

Tunnel/shaft/excavation

Schedule

Operability: System reliability - gates under high pools

Gate maintenance

Conduit/tunnel maintenance

Tower maintenance activities

5.4 Evaluation of Principal Criteria. Earthquake survivability and

construction costs are evaluated for each of the three alternatives.

a. Earthauake Survivability. Each key component of the outlet works

is evaluated with respect to the occurrence of the design earthquake with

full pool and the resulting impact to meeting the survivability

objectives; i.e., maintaining reservoir control, inspection capability,

etc. The project's response to the design earthquake with a dry reservoir

(or debris pool only) is not considered pertinent to the alternative

selection. The joint occurrence of the design earthquake and a flood has

an associated risk which can also be considereo in the final evaluation.

Risk values for the joint occurrence of the earthquakes and flood are

shown in table 5-1.

(
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Table 5-1. Risk Value for Joint Earthquake and Flood at Seven Oaks Dam
Site* )

Flood Return Earthquake Return Period
Period

(pool elevation) 10 Years 100 Years 1,000 Years

10 yr (2,400) 1.9 x E-2 1.9 x E-3 1.9 x E-4
100 yr (2,530) 1.9 x E-3 1.9 x E-4 1.9 x E-5
1,000 yr (2,592) 1.9 x E-4 1.9 x E-5 1.9 x E-6

*Reference Hynes-Griffin, Mary Ellen, The Joint Occurrence of Earthauake

andFloods, Misc. Paper CL-80-10 WES, September 1980. The values assume a
100-year project life and a 1-week flood duration.

Cumulated flood days at specific elevations over the 100-year project life

are depicted on table 5-5.

(1) Positive Control (Gate Chamber Survivability) with Full Pool

and Design Earthouake. The best probability to provide positive control

of the reservoir in the event of the design earthquake is evaluated.

(a) UMstream Control. With the upstream control

alternative, all the gates will be in a single monolith located within the

rock mass at the upstream portal. Should displacement occur at the

portal, the monolith may shear in conjunction with the rock due to the

monolith embedment and the forces required to move this rock. Rock

confinement and nearness to the surface, however, may allow the local rock

stresses to relieve themselves leaving the monolith intact. The gates may

or may not displace relative to the rest of the gate monolith. There is

an additional chance that the gate chamber may separate from the tunnel or

from the tower, and that significant leakage could occur resulting in some

loss of positive control. Separation of the gate chamber at the

downstream end would most likely result in flooding the gate chamber,

rendering the electrical equipment inoperable even though power and

control cables will likely be intact. Positive control cannot be
guaranteed with this alternative.

(b) Mid-Tunnel Control. With the mid-tunnel control

alternative, all of the gates will be in a single location, housed in a
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chamber in the rock mass some 400 feet downstream of the tower. This

location is most favorable from the standpoint of potential damage due to

ground shaking. Should rock displacement (even if only a few inches)

occur at the gate location, the walls of the chamber will echo this shear,

as will the gate components within the structure, resulting in significant

damage and loss of positive control. A rupture of the pressurized portion

of the gate chamber would flood the access shaft, making access to the

gates impossible. Displacement of the access shaft may damage the stairs,

elevator, ductwork, and concrete lining, could also sever access, control

to the gate chamber, or choke the bottom of the shaft with fallen debris.

A rock shear may also surface in the reservoir, causing a flooding of the

shaft and gate room from inflow from the pool above. Electrical equipment

may become inoperable and power and control cables will likely not

survive. Positive control cannot be guaranteed with this alternative.

(c) Downstream Control. There are two options to this

alternative:

(c.1) With the first option, all of the gates will be in a

single monolith located outside the rock mass at the downstream tunnel

portal. Should a displacement occur at the chamber, it will most likely

move as a monolith, i.e., there will be no relative displacement of the

gates with respect to the rest of the chamber. The mechanical equipment

of the gates, therefore, stand a good chance of surviving the displace-

ment. Under this scenario the monolith would likely separate from the

outlet conduit, and significant leakage could occur upstream of the gates

resulting in some loss of positive control. Much of the leakage may be

controlled if the concrete plug connecting the gate chamber and the tunnel

remains intact. The extent of damage and leakage will depend on the

location and nature of the displacement (horizontal or vertical movement).

Access to this gate location is easy, and power and control circuits

should remain intact. This alternative has the best chance of providing

positive control for any of the single gate chamber alternatives, under

the fault displacement scenario.

( ) (c.2) The second downstream control option includes the

addition of a gate chamber upstream to be used in the event that
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downstream damage and resulting leakage is unacceptable under a high pool

scenario. The redundancy of providing the second gate location assumes

that significant displacement will not occur at both locations during the

same earthquake event. The single upstream gate will have a chamber

similar to that for upstream control. Due to the larger size and full

pool loading, this gate may be a hydraulic operated roller type in lieu of

a hydraulic slide gate. The downstream chamber will be identical to the

first option with the same advantages and disadvantages.

There is a cost/performance trade-off involved in providing the second

gate chamber. Providing the upstream emergency gate may well add 3 to 5

million dollars to the cost of the alternative. The upstream gate chamber

would have the same survivability as the upstream control gate chamber and

access is limited to low pools. With a high pool, inspection of the

upstream gate system would be impossible. Under such an event, a blind

attempt to close the upstream gate would have risks associated with it.

If the gate jammed partially open, it would not provide the relief needed

to repair the main gates, and it may be impossible to drain the reservoir.

Thus, it is possible to go from a situation where there isn't positive )
control, but there is ability to drain the reservoir safely, to a

situation where neither is available.

(2) Gate Failure due to Shakina. This criterion was orally

proposed by the USACE Dam Safety Office in January 1988. This criterion

requires that the magnitude of shaking (due to the design earthquake) that

would occur at the gates be evaluated for each outlet works alternative,

and an assessment made of the likelihood of the gates being rendered

inoperative by this shaking.

(a) Upstream Control. With the upstream control alternative

the gates are likely to experience the full 0.7g ground motion

acceleration should the design earthquake occur. No cases of record have

been found which document a failure of this gate type due to shaking. The

gate components will be designed for the dynamic stresses using

traditional analysis methods. If this failure scenario is still of

concern, model testing could be conducted to qualify design stresses.)
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(b) Kid-Tunnel Control. With the gates embedded in the rock

mass, the gates are likely to experience less than the full 0.7g ground

motion acceleration expected at the surface should the design earthquake

occur. As explained above, properly designed gates would function after

experiencing the design earthquake.

(c) Downstream Control. With the downstream control

alternative the gates are likely to experience the full shaking of the

design earthquake. As explained above, properly designed gates should

survive this.

(3) Gate Failure Due to Displacement. This criterion was adopted

early in the design process. It requires that the magnitude of the local

shear displacement at the gate location be evaluated for each outlet works

alternative in the case that a local shear displacement of up to 4 feet

should occur due to an earthquake. In addition, an assessment would be

made of the likelihood of the gates being rendered inoperative by the

local displacement.

(a) Uostream Control. With the upstream control alternative,

all of the gates will be housed in a chamber located in the upstream

portal rock mass. The chamber is restrained on five sides by the rock

mass, see plate 2-3. Should a displacement occur at the chamber it will

most likely echo through the structure and into the gate components. Due

to the restraint, the rock shearing forces will pass through the structure

instead of being redistributed or dissipated. The gate chamber and gate

components cannot be designed for forces of this magnitude, thus resulting

in a high probability of damage and failure of the gating system.

(b) Kid-Tunnel Control. With the mid-tunnel control, all of

the gates will be located in a single chamber deep within the rock mass.

Shearing is expected to be greater than that indicated for the upstream

alternative; likewise, probability is high for chamber and gate damage

rendering the system inoperable.
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(c) Downstream Control. With downstream control, all of the

gates will be in a single location outside of the rock mass at the )
downstream end. Should a displacement occur at the chamber, it will most

likely move as a monolith, i.e., there wil be no relative displacement of

the gates with the rest of the chamber. The mechanical equipment and

structure of the gates, therefore, stand a better chance of surviving a

displacement.

(4) Conduit/Tunnel Failure. This criterion requires that the

potential for conduit (and/or tunnel) failure as a result of the design

earthquake, or attempting to make reservoir releases through an earthquake

damaged conduit, be evaluated for each alternative. The impact of

aftershocks, which may cause additional damage several months after the

main event, is also a concern. In general, tunnels have an excellent

record of performance under shaking and deformation. For seismic shaking

with peak accelerations (at the surface) greater than about 0.5g, however,

moderate to severe tunnel damage should be anticipated based on historical

data. Complete collapse and loss of functionality would not be expected,

though. Historically, lightly reinforced tunnel liners have performed )
better in areas of high seismicity due to greater liner flexibility.

Regardless of tunnel shape, it is expected that a fault displacement(s)

would shear the walls equally with any of the alternatives. Defensive

measures may be incorporated at significant known shear features. A major

collapse during strong shaking or fault displacement is not probable.

(a) Unstream Control. With this alternative the conduit

consists mainly of an oblong-shaped cross section, with an inside width

and height of 18 and 32 feet, respectively. Of all the alternatives this

one has the largest overall conduit, and as such is the one most likely to

sustain damage should the design earthquake occur. Additional damage

could also occur during aftershocks. At each location that there is a

displacement of the conduit, it is likely that cavitation and water

induced erosion will occur. Damage say cease after the conduit

discontinuity is eliminated. However, experience at other projects has

demonstrated that once cavitation damage has been initiated, the amount of )
damage can increase rapidly until flow velocities are decreased. If the
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service gate (or emergency gate) is still operational, flows through the

conduit could be limited, which would reduce the amount of flow-induced

damage. This would mean that it would take longer to drain the

reservoir. If the embankment fails when there is a high pool, it would

lead to a flood wave causing catastrophic downstream flood damage. It is

felt that draining the reservoir as soon as possible after a major

earthquake should be a high priority.

(b) Mid-Tunnel Control. With this alternative most of the

tunnel section consists of a horseshoe-shaped tunnel with an inside

diameter of 18 feet. This cross section is smaller than the upstream

control alternative and, therefore, is less likely to be subject to

damage. In the transition zones upstream and downstream of the gate

chamber there are clear span sections 18 feet high and 24 feet wide.

Because of the larger span, the tunnel walls are the thickest and

excavation width and height are maximized. The larger tunnel size of

these zones may contribute to the likelihood of sustaining damage during

the design earthquake and potential strong aftershocks. Displacements

that occur upstream of the control structure are not likely to initiate

cavitation because of the high pressures and the low flow velocities (less

than 30 fps) in the conduit. It is also unlikely that significant

erosion, due to flow, will occur. Displacements that occur downstream of

the control structure will have the same impact as described for the

upstream control alternative. Again, draining the reservoir as soon as

possible after a major earthquake should be a high priority.

(c) Downstream Control. With this tunnel, most of the

section consists of a horseshoe shape with an inside diameter of 18 feet.

The section has thin walls and is lightly reinforced relative to the other

alternatives. As such, this tunnel, because if greater flexibility, may

be less likely to sustain damage during the design earthquake. The actual

outlet conduit is a 11-foot-diameter steel conduit located within the

diversion tunnel. In the event of a 4-foot displacement in any direction,

significant buckling and even rupturing of the steel conduit will take

( \ place. The steel conduit would have to be rigidly secured to the tunnel

) side walls and/or floor to prevent the high velocity re-entrant flow from
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creating progressive cavitation damage to the conduit. At worst, if the

conduit isn't rigidly secured, total tunnel blockage would be possible;

however, a catastrophic failure would not be realized: If the conduit

ruptures, the discharge for some distance downstream of the break will be

at atmospheric pressure until the tunnel fills with water and flow is

pressurized. There may be significant damage to a short reach of the

tunnel, downstream of the break in the conduit, from flow-induced erosion

and cavitation until the tunnel becomes pressurized. Partial or total

backfilling of the tunnel surrounding the steel conduit with concrete is

being considered as an effective defensive measure for this scenario. The

tunnel would pressurize in 1 to 10 minutes for flows of 8,000 cfs to 500

cfs, respectively, depending on size of rupture. Once the tunnel has

become pressurized, it is unlikely that cavitation damage will continue to

occur on a large scale. Some leakage from the pressurized tunnel to the

ground surface may occur in the form of springs. However, the potential

for seepage from the tunnel to the ground surface through open jointing is

remote. It should be easier to repair the RO conduit for the downstream

control alternative (once the tunnel can be accessed) than to repair the

open channel portion of the conduit for the mid-tunnel or upstream control

alternatives. This is because it is simpler to design a transition, for

required bends around displacements, for a conduit with pressure flow than

it is for a conduit with high velocity, open channel flow. The scenario

for the two alternatives, with and without an upstream emergency gate, is

discussed below.

(c.1) Without Upstream EmeraencX Gate. Without the upstream

emergency gate the reservoir must be drained before repairs can be made to

the conduit. The maximum discharge through the conduit if it separates

from the downstream gate structure was estimated to be 12,000 cfs.

Effects of discharge on plunge pool and downstream hannel were

investigated and summarized in a report titled 'Channel Stabilization

Design and River Sediment Transport Study, Seven Oaks Dam," by Simons, Li

and Associates, Incorporated. It was found that the maximum scour depth

in the plunge pool would increase from approximately 30 feet for the

design discharge of 8,000 cfa to about 50 feet for flows up to 15,000 cfs,

and that the downstream channel would armor itself for the larger
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discharges. Therefore, the downstream consequence of the maximum

uncontrolled discharge of 12,000 cfs is acceptable.

(c.2) With Upstream Emergency Gate. The upstream emergency

gate is designed to be either fully open or closed. It is not designed to

be a regulating gate and will not be used to maintain positive control of

discharge if the conduit ruptures. If the emergency gate is operational,

it can be closed and repairs can be made to the conduit without draining

the reservoir (assuming there is no major leakage). However, since the

possibility of aftershocks is high, it may be several months before the

conduit can be safely accessed for repairs. With the upstream emergency

gate closed, water would be stored behind the dam. Retaining a high pool

is not recommended for the following reasons: if the embankment fails,

due to forces from aftershocks and/or previous damage from earthquakes, it

would lead to a flood wave causing catastrophic downstream flood damage;

if an aftershock occurs with the upstream emergency gate closed, it is

possible that this gate will be damaged, making it impossible to drain the

reservoir until the upstream emergency gate is repaired; and if the

upstream emergency gate jammed while partially open, it would not be

possible to quickly drawdown the reservoir, and repairs to the gates or

conduit could not be made until the reservoir drained. It is felt that

the first priority after a major earthquake should be to drain the

reservoir as soon as possible and accept any damage to the outlet works in

the process.

(5) Access Failure. This criterion requires that the potential

for access failure, as a result of earthquake, be evaluated for each of

the alternatives. Access failure occurs when it becomes impossible to

reach any critical project feature such as the conduit, gates/control, in

order to inspect or repair earthquake damage. In addition, strong

aftershocks could cause more conduit damage creating a safety hazard for

conduit inspection and repair.

(a) Upstream Control.
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(a.1) Gate Access. Access to the gates is by means of a

horizontal gallery constructed on top of the outlet conduit. It would be

likely that in the event of a 4-foot displacement, the gallery would be

partially blocked; reservoir water may enter through a shear at the

upstream end, flooding the gallery and blocking access to the upstream

gate room. Overbuilt sections could be built at known major shear zones

to minimize inflow under some of the displacement scenarios. However,

this would not accommodate the displacement occurring at undefined shear

planes. Post-earthquake seepage, away from the portals, isn't expected to

be of significant concern (see paragraph 5.4.a(ll)). Strong aftershocks

that could occur for months would also create an unsafe gate access

condition.

(a.2) Conduit Access. Access to the conduit is by walking up

from the downstream portal. If gates are functioning properly and damage

is downstream, then this access is the easiest and best of all the

alternatives. However, if, as discussed above, there is some gate failure

or significant leakage, then the conduit would be inaccessible. Again,

additional displacement and shaking during aftershocks would also cause an

access problem.

(a.3) Control Acces. The gate controls are located at the

downstream end of the outlet conduit. Access to the controls are unlikely

to ever be a problem. Because of the 1,700-foot distance between the

controls and the gates, however, the control lines for this alternative

would be highly vulnerable to displacement damage and perhaps even water

flow.

(b) Mid-Tunnel Control.

(b.l) Gte csa. Access to the gates is by means of a

vertical shaft and tower with a combined height of nearly 500 feet.

Normally, an elevator would convey an inspection party to the gate

chamber, and stairs would be available as backup. In the event that the

plane of a large (up to 4-foot) displacement intercepts the shaft, the

elevator would be left inoperable and the stair damage would have to be )
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bypassed. If the shearing is in the form of a number of smaller

displacements, stair damage should be minimal, allowing access to the gate

chamber. If the damage was extensive, access to the gate chamber could be

blocked by fallen debris. In addition, should the pressurized portion of

the tunnel and/or shaft be ruptured (either tunnel, ground, or surface

reservoir water), the gate chamber and the shaft may be flooded and access

denied.

(b.2) Conduit Access. The conduit downstream of the gates is

accessed by walking up the conduit from the downstream portal. If the

gates are undamaged, this remains simple; however, as noted above, the

gates of this alternative would be highly vulnerable to damage due to

initial and aftershock displacement. Should the gates leak, the conduit

would then be inaccessible. There is no provision for conduit access

upstream of the gates if the reservoir submerges the intake tower.

(b.3) Control Access. Access to controls in this alternative

is likely to be somewhat more difficult than the other alternatives. A

tower and bridge arrangement is required as existing ground at the shaft

entrance is approximately 50 feet below maximum reservoir pool. The

design displacement could seriously damage the tower or bridge. The

control lines between the tower and gate chamber will be 500 feet in

length and would be highly vulnerable to displacements occurring

vertically or horizontally about the access shaft.

(c) Downstream Control.

(c.l) G. The gate chamber is located at the

downstream end of the outlet conduit. Gate access is the easiest with

this alternative and is ensured regardless of the design earthquake or any

additional tunnel damage due to aftershocks. There could be some

difficulty, however, if both the steel pipe and the downstream tunnel plug

were to rupture, but with this location access would be best for clearing

gate passage for reservoir draining and then implementing repair.

( ) (c.2) Conduit Acceas. There is no provision for conduit

access if the reservoir submerges the intake tower and the upstream
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emergency gate is not operational. Once the pool level is below the

intake tower maintenance deck, the maintenance bulkhead could be utilized

to dewater the steel conduit. Access could then be "de through the gate

passages from the downstream end.

(c.3) Control Access. The control will be located with the

gates at the downstream portal. Access and repair are not foreseen as a

problem unless both the tunnel plug and steel conduit rupture.

(6) Downstream Plug Failure. This criterion requires that the

potential for the downstream plug to blowout, due to water pressure, and

the resulting consequences be evaluated. The downstream control

alternative is the only option which has a downstream plug. If the steel

conduit ruptures it could flood and pressurize the diversion tunnel and

downstream plug. To evaluate a worst case condition we assume that the

design earthquake occurs simultaneously with a high pool. Gates partially

opened or closed on a rising pool will allow full reservoir pool pressure

to develop. Gates opened will significantly reduce potential blowout

pressures at downstream end. At full pool (500 feet) the pressure head

with the gates opened is approximately 250 feet, which requires 100+ feet

of rock cover, while with the gates closed, approximately 200 feet of rock

confinement is required. The downstream 150 feet lacks 200 feet of rock

cover. Under the future normal debris pool with gates closed, the static

head at the downstream portal is 250 feet, for which confinement is

adequate. The probability of sustaining damage and potential for blowout

is reduced by considering the following defensive measures: the

probability of the design earthquake occurring at the same time as a high

rising pool is small (see paragraph 5.4.a); post-earthquake seepage is not

expected to be significant because of the tightness of the rock mass; the

concrete liner can be designed for the expected internal pressures; the

downstream 150 feet can be backfilled with concrete to minimize seepage

paths; the downstream portal rock can be reinforced through grouting and

rock bolting; and internal and external drains may be utilized to provide

pressure relief, where external drains might be either horizontal drains

at the portal face or parallel tunnel drains used to intercept the

seepage. Even if damaged in an earthquake, the residual strength of the )
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damaged tunnel system (concrete plug, liner, and rock mass) will still be

sufficient to prevent a blowout. At worst, leakage will occur, the

reservoir would be drained, and repairs made; a catastrophic dam failure

scenario is not conceivable for this option.

(7) Tunnel Plug Failure. This criterion requires that the

potential for the concrete plug within the tunnel (upstream or downstream

of the gate chamber) to rupture, and the resulting consequences be

evaluated for each of the alternatives.

(a) Uostream Control. If a significant part of the 4-foot

displacement were to occur at the gate plug, flooding of the gate chamber

and/or access gallery could occur. As previously discussed, partial or

complete loss of positive control could occur.

(b) Mid-Tunnel Control. The mid-tunnel gate plug will be

located within the best possible rock mass on the conduit alignment

upstream of where it intersects the embankment axis. Selecting the actual

location for this site is very restricted by the nearness of the dam axis

to the sloping upstream rock face. At best, small displacements (inches)

at the plug locations (all alternatives) cannot be guaranteed. Fully

confined as it is by the rock mass, such a displacement could heavily

damage the plugs at either end of the gate chamber. A rupture at the

upstream end would flood the gate chamber and the access shaft.

(c) Downstream Control. The upstream plug for the downstream

control is located within the diversion tunnel at the upstream portal.

Rupturing of this plug would flood the tunnel access and could precipitate

a progressive failure of the steel conduit as discussed above. On the

other hand, with a rigid conduit support system, pressurizing the tunnel

ay not adversely affect the steel conduit.

(8) Intake Tower Failure. This criterion requires that the

potential for the intake to be damaged or plugged such that the pool

cannot be drained, be evaluated for each alternative. The intake tower

for all three alternatives has essentially the same design and geometric
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shape. The tower below El. 2,156 is significantly embedded and is

considered foundation replacement; the tower above this elevation is

circular and treated as a cantilever. As per current Corps structural

design criteria (concrete dams and outlet works), the tower is designed

using the operating conditions most likely to exist coincident with the

selected design earthquake. The tower will perform within the elastic

range for the operating basis earthquake (OBE) combined with a normal

debris pool. With reduced safety factors, the tower is designed for a

maximum credible earthquake (MCE, a-0.7g) in combination with a debris

pool or an OBE combined with a 10 year flood. An event with a pool higher

than El. 2,350 and an earthquake of acceleration 0.5g or greater, would

risk significant damage to the intake tower above El. 2,156 or even tower

collapse.

(9) Worst Gate Position. This criterion requires that the worst

position for the gates to be stuck at and the consequences of that be

evaluated for each of the alternatives. Three gate positions: near full

gate opening; mid-range gate opening - 0.75 feet to nearly open; and small

gate openings - less than 0.75 feet, are evaluated. Scenarios are similar

for each of the three alternatives except that the downstream control

alternative may not have an upstream emergency gate. It is assumed that

air supply remains functional for each of the evaluations.

(a) Uostream Control.

(a.1) Near Full Gate Opening. If the service gate becomes

stuck open at a high pool and the upstream emergency gate can be closed,

leakage is not severe, and the gates can still be accessed, then repairs

can be made. If there is inflow to reservoir during repairs, flows may

pass over the spillway. After repairs to the gate, controlled releases

can be made to lower the pool elevation. If the upstream emergency gate

cannot be closed, positive control of discharge will be lost. The

discharge rate will vary with pool elevation and will be a function of the

condition of the RO conduit. The maximm discharge with all gates fully

open has been calculated and is not large enough to cause a catastrophic

effect downstream. Uncontrolled releases will continue until the pool
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drops below the high level intake, El. 2,265. If the wet well sluice gate

can be closed or is already closed, and the minimum discharge line is

closed, flow, except for leakage, can be stopped until the pool rises

above the high level intake. Otherwise, the reservoir will continue to

drain until the pool is below the lowest open row of multilevel withdrawal

ports. If the regulating conduit has been damaged, the uncontrolled

discharge may cause erosion and/or damage to the conduit.

(a.2) Hid-Range Gate Opening. The scenario is the same as

above except that uncontrolled discharges may be less so it could take

longer for the reservoir to drain to a pool level at which repairs could

be made. If larger discharges are required, it may be possible to open

the gates for the low flow bypass and minimum discharge line.

(a.3) Small Gate Opening. The scenario is the same as for

the other two cases except that it may take much longer for the reservoir

to drain and significant cavitation damage may occur to the gate if it is

stuck at a small gate opening when the pool elevation is high. This is

the worst case.

(b) Mid-Tunnel Control. The scenario if the gates are stuck

is the same as described for upstream control.

(c) Downstream Control. The scenario if the gates are stuck

is the same as described for upstream control except for the redundancy

provided by the upstream emergency gate (see paragraph 5.5.1.c) and access

to make repairs to the gates is better.

(10) Air SuDRly Failure. This criterion requires that the

likelihood and consequences of a blockage in, or failure of, the air

supply vents be evaluated for each alternative.

(a) Upstream Control. The air passageway located in the

horizontal tunnel has an intake at the downstream end of the tunnel and

(supplies air to the vents above the aeration offsets near the gates. The

passageway will probably be damaged during an earthquake. If the air
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supply system does not function as designed, there will be cavitation

damage at the offsets and there will likely be cavitation damage to the

gates and conduit downstream of the gates, which could lead to loss of

positive control and expensive repairs. At large gate openings, slug flow

may also occur which could create damaging wave action in the downstream

channel.

(b) Mid-Tunnel Control. The scenario is the same as

described above except that the air supply is more likely to fail than for

the upstream control alternative since the vertical shaft is unreinforced

and all loose material will funnel downward, blocking the air passage.

(c) Downstream Control. The air supply system for the

downstream control alternative has an excellent chance of surviving an

earthquake since the air vents are located directly above the offsets and

open to the atmosphere. Even in the unlikely event that the air vents are

plugged, air drawn from open areas downstream will most likely provide

enough air to prevent severe cavitation until the vents can be cleared.

If cavitation damage does occur it is not likely to progress very far )
downstream, it will not cause a catastrophic failure, and will probably

not lead to loss of positive control of discharge.

(11) Rock Mass SeeDage. This criterion requires that the

likelihood and consequences of seepage of water along a shear plane

induced by new or reactivated faulting be evaluated for each alternative.

Water pressure testing in core holes indicates a generally low

permeability for the rock mass, indicating that seepage should not be a

significant problem. Because the rock mass is believed to be in slight

compression, it is likely that fault rupturing would not create a shear

plane capable of transmitting a significant seepage volume. Also, since

the bedrock has been sheared numerous times and has remained tight, it is

expected that further rupture from the postulated design earthquake will

not create seepage between the pool and the tunnel along the rupture

zone. Field investigations on this and other projects in similar geologic

environment indicate shear zones are generally tight and actually become

effective barriers to seepage. The consequences of seepage from the
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reservoir to the tunnel would probably be similar for all three

alternatives. Because of the additional potential for seepage to enter

the tunnel presented by the vertical shafts, however, the mid-tunnel

control alternative would be somewhat more vulnerable. With the

downstream control alternative, the tunnel would be pressurized and water

could be forced into the rock mass at the rupture point, especially if it

occurred downstream of the grout curtain where seepage pressure would not

be counteracted by hydrostatic pressure in the rock. Due to limited rock

permeability, this leakage would not be a significant problem. Tunnel

location relative to embankment is shown in figure 5-1.

b. Construction Cost Estimate Comparison.

(1) Construction Cost SuMNay. A summary of key cost items for

the three outlet alternatives is given in table 5-2.

Table 5-2. Alternative Cost Estimates Summary (in millions $)

Alternatives

Item gUstream Hid-tumnel Downstream

Project roads 1.8 1.9 1.8

Intake excavation 2.5 2.5 2.5

Tunnel/shaft excavation 7.4 8.4 4.3

Outlet channel excavation 1.9 2.0 2.1

Concrete 10.4 8.8 7.4

Metals and structural
steel 0.3 0.9 6.2

Mechanical and Electrical 2.3 2.6 2.2

Miscellaneous plus

15 percent contingency 6.7 .9 6.8

SUB-TOTAL 33.3 34.0 33.5

Additional features:

Upstream emergency gate --- 3.6 3.6

Seismic measures ±11- +3 +3

TOTAL CONSTRUCTION COSTS 14. 8.7 8L2
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Figure 5-1
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Detailed construction cost estimates for the outlet works alternatives are

shown in tables 5-6, 5-7, and 5-8, pages 5-35 through 5-44. All costs are

based on March 1988 price levels. Unit costs are derived from recent bid

costs on similar work and historical cost data. Prior to adding costs for

additional "dam safety" measures, the three alternatives are essentially

the same at $34 million each. The mid-tunnel and downstream control

alternatives become the most expensive at $38 million when the cost of

emergency upstream gating is included (see figure 5-2). At the January

TRC, OCE representatives directed that an upstream emergency gate would be

required for any downstream alternatives. This direction came about from

a concern that a high pool would exist coincidental with the design

earthquake (4-foot displacement). Under this scenario, uncontrolled

releases occur which would prevent inspection of the tunnel and outlet

features immediately following the seismic event. The same scenario

exists for the mid-tunnel option, and as such the extra upstream gate cost

is shown for this measure. No consideration was given to the probability

of these independent events occurring at the same time or the associated

consequences of the uncontrolled releases. For further discussion of

uncontrolled releases (within tunnel and downstream channel) see paragraph

5.4.a(4). For estimating purposes, an upstream gate chamber with an

11-foot square hydraulic slide gate was assumed. Equipment and personnel

access would be from the tower maintenance deck at El. 2,270. Seismic

design measures (costs) were approximated at 3 percent for all options.

The 3 percent accounts for general measures not yet quantified which may

be required to satisfy structural or geotechnical design needs (tower

embedment, shear zone treatments, displacement scenarios, etc.).

(2) Potential for Cost Growth. This criterion evaluates which

alternative has the most uncertainty in the cost estimate and the most

complexities for construction. From the geotechnical standpoint, the

alternative with the most potential for cost growth is mid-tunnel

control. Not only are there significant uncertainties in the cost

estimate for constructing and supporting the enlarged tunnel section for

the control structures, there are added uncertainties in the cost because

C this alternative also requires construction of a vertical shaft or

) shafts. If unforeseen problem were to develop in excavation or support
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(of these features, costs could increase significantly. Because tunnel

construction is least complex for downstream control, this alternative has

the least potential for cost growth from the geotechnical standpoint.

5.5 Evaluation Matrix. At the January 1988 TRC, the idea of using an

evaluation matrix was presented. A matrix is shown in table 5-3. This

matrix sumarizes the evaluation of the three alternatives based on what

is considered to be the most significant criteria and factors as described

in paragraph 5.3. The comparisons are considered generally relative to

each other. Detailed discussion is provided in paragraph 5.4. "Evaluation

of Principal Criteria."

Table 5-3. Alternative Evaluation Matrix Reduced to Key Evaluation

Criteria Only

([Key: + (best) o (aid) - (worst)])

Upstream Mid-Tunnel Downstream
Factor/Criteria Control Control Control

a. EQ Survivability
(dam safety)
(1) Control/gate chamber o +
(2) Gates (shaking) o o 0
(3) Gates (displacement) - +
(4) Conduit/tunnel o o 0
(5) Access

gate - +
conduit/tunnel o
control o +

(6) Downstream plug o 0 o
(7) Tunnel plug -

(8) Intake tower 0 o 0
(9) Worst gate position o 0 +
(10) Air supply failure - +
(11) Rock seepage +

b. Construction cost + o 0
c. O& 0 o 0

5.6 Evaluation of Secondary_ Criteria. Criterion which are considered to

be of a secondary nature, relative to the selection of the outlet works

alternative, are evaluated for the three alternatives. These criteria

include secondary cost items, constructibility, and general project

( ) operability (O&M).
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a. Secondary Cost Item te eauatat ti

(1) O eration Cost. This criterion evaluates which alternative

is the least costly to operate. There are no significant cost differences

in operation of the three alternatives. The downstream control is

probably the easiest to operate due to the siting of controls and gates in
one location and the ease of access. Basically, all three alternatives

have essentially the same system gating and operating criteria. See

section 11 for smmary of typical operating costs.

(2) Maintenance Costs. This criterion evaluates which

alternative is least costly to maintain. Each of the alternatives have

maintenance differences specific to their features. The actual cost

differences are not significant relative to the final selection. Some of

the maintenance differences are as follows:

(a) Unstream Control. One thousand six hundred and fifty

feet of air conduit and mechanical and electrical duct work within the

access adit. All outlet flows use an 18-foot-wide concrete channel,

increasing concrete wear and maintenance potential. A downstream gate

control and access structure with air intake grating will need to be

maintained.

(b) Kid-Tunnel Control. The additional bridge, tower/control

structure, air shaft, access shaft, and road will require maintenance.

Access shaft has elevator and steel stairs requiring maintenance and

painting cycles. Low flow bypass will require a within tunnel trashrack

requiring tunnel dewatering for debris removal, replacement, and/or

painting. Tunnel channel passes all outlet flows, potential concrete

4 lining maintenance. Shaft electrical and mechanical duct work will

require maintenance in a potentially moist environment.

(c) Downstream Control. The exterior of the steel conduit

will require a maintenance painting cycle. Potential for greater tunnel

adit maintenance, drain, and gutter cleanout.
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From a maintenance standpoint, it appears that upstream and downstream

control would have similar maintenance costs while aid-tunnel control

would have the greatest.

b. Construction Evaluation.

(1) Diversion Plan. This criterion evaluates which alternative
has the simplest, most reliable, and highest level of protection in its

diversion plan. All three alternatives require complex sequencing of

construction through the gate chamber and other appurtenant structures.

Because of its location within the heart of the rock mass, the mid-tunnel

alternative's gate chamber will be very difficult to construct while

simultaneously handling diversion flows. The downstrea control has

diversion bypass built into the design, but construction sequencing

through the gate chamber will still be similar to the other alternatives;

with anchoring blockouts and second stage concrete placements are typical

for all alternatives. In the final evaluation the upstream control

alternative has a slight edge over the others due to its potential for

extra capacity, if the access gallery construction is delayed. Otherwise

the three alternative are considered essentially equal with regards to

diversion advantages and disadvantages.

(2) Tunnel/Shaft Excavation. This criterion evaluates the
relative uncertainties in the geotechnical feasibilities of performing the

tunnel, shaft, and portal excavations.

(a) Upstream Control. The most significant geotechnical

uncertainty with this alternative is for excavating and supporting an

enlarged section of tunnel at the upstream portal. Because of the size

and shape of the opening, maintaining stability of the upstream portal

during construction would be more difficult than for the other control
alternatives. This alternative also requires the largest cross section

for the main tunnel, making it less desirable from that standpoint.
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(b) Mid-Tunnel Control. The principal uncertainty for this

alternative is constructibility of the enlarged tunnel cross section or

"chamber," where the intersection with the vertical shaft(s) occurs.

Underground openings of this size in questionable quality rock should be

avoided, if possible. Chamber excavation and support would require

closely controlled methods and sequencing. The additional required

construction of one or two vertical shafts adds somewhat to the

geotechnical concerns for this alternative; however, it is believed that

shafts up to about 15 feet in diameter can be satisfactorily constructed

using the raise bore method.

(c) Downstream Control. No significant geotechnical

uncertainties regarding constructibility exist with the downstream control

alternative.

c. Operability (Operations and Maintenance) Evaluation. This

criterion compares the alternatives with respect to their differences in

operability, reliability, and maintenance characteristics.

(1) Reliability of Slide Gates Under High Heads. Regulating

outlets (RO) slide gates on several dams built by the Corps of Engineers,

the Bureau of Reclamation, and British Columbia Hydro and Power Authority

(BC Hydro) have operated successfully under heads between 360 feet and 500

feet. The RO works at Pine Flat Dam (Corps of Engineers) have RO slide

gates that have operated frequently at heads up to 380 feet. No problems

with gate operation were encountered. At Glen Canyon Dan (Bureau of

Reclamation), slide gates were used as an interim control in a partially

plugged diversion tunnel while the dam was under completion. These slide

gates operated successfully for approximately 2 years under heads up to

360 feet. At Mica Dam (BC Hydro), slide gates were used on the low level

outlets for a period of 3 years to regulate flow while the reservoir was

being filled. The gates performed very well at heads up to 500 feet.

Slide gates at the upstream and downstream ends of the low level outlet

tunnel regulated the flow. Even though the flow was under pressure

between the upstream and downstream gates, a low pressure zone occurred

imediately downstream of the upstream gate, and personnel at BC Hydro
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stated that the differential head on the upstream gate was quite close to

the full energy upstream of the gate. An article titled "HLgh-Pressure

Outlets, Cates, and Valves," by W. Kohler and J. Ball in the book titled
"Handbook of Applied Hydraulics," by Davis and Sorenson, 3rd Ed., states

"there appears to be no definite size or head limitation for correctly

designed slide gates. The successful use of such gates with only minor

cavitation damage at heads of nearly 350 feet at Glen Canyon indicates

that 500-foot heads are not unreasonable and that possibly considerably

higher heads can be used.n The author states that to better resist

cavitation damago, the fluidway surfaces, bottom seating, and sloping

surfaces of the gate leaf should preferably be stainless steel. With

proper design and cfhtrxutiom slide gates should prove safe and reliable

for application in the upstream, downstream, and mid-tunnel control

alternatives. Table 5-4 lists seven da i whi-ch slide gates have been

operated with static heads over 300 feet.

(a) Uostream Control. With this alternative the selected

gate design and slide gates will experience a maximum static head of 504

feet with a pool elevation of 2,604 (NPF event). See table 5-5 for head

and duration data.

(b) Kid-Tunnel Control. With this alternative the selected

gate design and slide gates will experience a maximum static head of 513

feet at the PMF event. See table 5-5 for head and duration data.

(c) Downstream Control. With this alternative the selected

gate design and slide gates will experience a maximum static head of 545

feet at the PNF event. See table 5-5 for head and duration data.

(2) Gate Maintenance. The three alternatives all have a similar

gating system; four 5-foot by 9-foot hydraulic slide gates, two 2-foot by

3.5-foot low flow slide gates, minimum discharge gating, and a wet well

sluice gate. The only real difference in gate maintenance is in access

and ease for making repairs. The downstream control alternative offers

the best location with respect to gate maintenance.
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Table 5-4. Sumary of High Head Dams with Slide Gates.

Project Head On Gate Comnents
(feet)

Detroit *305 Gates have not operated since 1956.
Gates were used before turbines went
on line. CORPS

Pine Flat **381 Gates have operated frequently under
this head. No problems. CORPS

Carters *349 Gates are for emergency operation and

*400 have not operated since construction.
Head @ 349 feet for short time. CORPS

Mica Dam *450-500 Gates were operated for 3 years with no
*570 problems. Gates are no longer used.

BC HYDRO

Glen Canyon *360 Gates were operated frequently at high
heads for 2 years. No operational
problems. USBR

Morrow Point 400 Gates operated with no problems, gates
are not operated as frequently as
those at Glen Canyon. USER

Palisades Dam *346 No problems at the gates. USBR

Maximam head gate operated under

"Design head

Table 5-5. Future Conditions - Static Head on Regulating Outlet Slide Gates

*STATIC HEAD

(FT ,
Cumulative

Pool El. Duration U/S D/S M-T
(Ft) (Days) Control Control Control

2,325 408 225 265 235
2,350 231 250 290 260
2,400 89 300 340 310
2,450 47 350 390 360
2,500 15 400 440 410
2,550 2 450 490 460

* Static Head Equals Pool El. Minus Invert at Gate
"Cumulative days at or above pool elevation over 100 years, after 100-year )
deposition (165 feet) worst case
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(3) Conduit/Tml LMantennce.

(a) Upstream Control. This alternative has a lengthy adit

requiring maintenance of relief drains and mechanical and electrical

equipment. There is also potential for tunnel channel erosion, abrasion,

or cavitation damage depending on outlet releases and air demand.

(b) Kid-Tunnel Control. Tunnel channel wear and tear wili

be similar to upstream control. This alternative has a low flow trashrack

located in the pressurized portion of the tunnel immediately upstream of

the gate chamber. This trashrack will require tunnel dewatering to clean,

paint, or replace trashrack components. Access will be through the 5-foot

by 9-foot slide gates.

(c) Downstream Control. For downstream control the concrete

channel is replaced with a steel conduit. As a pressure conduit the

conduit isn't expected to be subjected to cavitation potential. The steel

thickness will be sized for loading stresses and abrasion protection. The

tunnel is actually expected to remain relatively dry most of the time.

This is due to the tightness of the rock and the operating plan (flood

control) for the reservoir ("dry reservoir"). The 11-foot-diameter

conduit itself will have minimal use through its lifetime (except during

flood events), as the low flow and minimum discharge pipes will carry most

of the normal operating discharges. A normal painting cycle of 10 years

is predicted for the exterior of the steel conduit. In the accessible

portion of the tunnel, gutters and drains will require periodic mainten-

ance. The differing maintenance activities of the three alternatives are

not considered significant with respect to the alternative selection.

(4) Tower IKainenance Activities. A similar tower arrangement has

been designed for all three of the alternatives. Trash and debris

removal, trashrack maintenance, stoplogs, metalwork, and bulkhead

maintenance will be similar for all three alternatives. The downstream

alternative will have.a low flow entrance, trashrack, and provisions for
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maintenance bulkheading located at the bottom of the large wet well. This

would be the only difference between alternatives relative to tower

maintenance activities. This difference is not considered significant.

5.7 Construction Schedule. Construction of the outlet works will be

completed in two construction phases; a tunnel contract and the

embankment dam contract. The first phase provides diversion for the

embankment dam construction. To accommodate future outlet works

construction, some of the outlet works structures are partially completed

during the first phase. The first phase is completed in approximately 16

months. The second phase follows imediately, and will continue for

approximately 5 years. Once the embankment has reached an SPF level of

protection, the intake tower and other remaining outlet structures will be

completed. This schedule is essentially the same for all three

alternatives, with some sequencing differences as noted in the following

schedule siuuaries (see figures 5-3 through 5-5).

a. Unstrem Control. Outlet/diversion tunnel construction is planned

to start with the downstream portal excavation followed by drill and blast

tunnel excavation from the downstream heading. Due to the 35-foot height

of this tunnel, two bench construction will be required. Tunnel support

(rock anchors, ribsets, and shotcrete) will follow directly behind the

excavation. The concrete liner will be formed with 40-foot sections of

steel form. Contact grouting and drains will complete the tunnel work.

If increased diversion capacity is needed, it is feasible to delay and

install the tunnel adit floor during the embankment dam contract. The

upstream portal excavation will provide the foundation for the intake

tower and gate chamber, and will be constructed concurrently with the

downstream portal excavatin. A portion of the tower base and gate

chamber will be constructed with appropriate blockouts, falsework, and

separator piers to pass expected diversion flows. During embankment

construction river flow will be diverted through the 18-foot-wide tunnel.

Completion of the tower gate chamber, downstream structures, gate

installation, and other outlet works features will be performed by the

embankment contractor. Once the embankment reaches SPF level of

protection, the tower and related structures will be completed during the
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dry season and full project benefits will be realized. Diversion through

the control section will be accomplished by blocking out the gate areas

and then sequencing gate installation and concrete placement during the

summer low flow period.

b. Mid-Tunnel Control. To maintain the same schedule for all

alternatives, two full headings are required for the mid-tunnel

alternative. This will allow for an earlier start at the raised bore

mining of the access shaft, and will prevent the mucking operations from

interfering with each other. All alternatives will require some minimal

flood protection for the upstream portal construction. With the

downstream heading, exposure and duration are increased, thus, additional

protection may be required. Tunnel and shaft excavation will be complete

prior to the excavation of the expanded mid-tunnel gate chamber.

Diversion flows will be passed through the partially completed gate

chamber during the embankment contract similar to the upstream control

alternative. Completion of the shaft, tower(s) and other outlet features

will be done by the embankment contractor, primarily around the time the

embankment reaches the SPF level of protection.

c. Downstream Control. Tunnel excavation will start from the

downstream portal on an upstream heading. Upstream and downstream

structures will be partially completed similar to the alternatives

described above. For downstream control the diversion will be through a

partially completed intake, the 18-foot-wide tunnel, and a blocked out

passage in the downstream gate structure. When the embankment reaches the

SPF level the second phase features will be installed. Dry season

diversion flows will be diverted through small pipes located in the floor

of the tunnel. The steel conduit and supports, tower, and other remaining

outlet features will be completed during this summer low flow period.

While the small pipe gate system is being completed, water will be

diverted through the RO conduit.

5.8 Outlet Works RecommendatiR. The downstream control alternative is

the recommended outlet works system for The Seven Oaks Dam project. This

alternative offers the best system for earthquake survivability. It also
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assumes a better assurance that there will be no tunnel blockage, and the

gates and controls are readily accessible for positive drawdown of the

reservoir. General operability is the best, and costs are essentially the

same as the aid-tunnel control and about 10 percent greater than upstream

control. All the alternatives were considered feasible and could be

acceptable within Corps standards. With consideration of the final

evaluation of the principal criteria, the alternatives were ranked as

follows: downstream control; upstream control; and mid-tunnel control.
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TABLE 5-6
Santa Arm Project - Seven Oaks Outlet Works - Cost Estimate

Uptrems Control - Downstream Acces - High Level Intake Tower 29-Jut-88

Item Unit Quantity Unit Cost Item Cost SubtotaL

1. Nobllzstion IS I $2,000,000.00 $2,000,000

$2,000,000
2. Clearing and Grubbing AC 10 S80.00 58,000

$8,000
3. Diversion and Cofferdams LS 1 $200,000.00 $200,000

=200,000
4. Project Roads

a. Intake access road LF 4,500 $80.00 $360,00
(1) rockbotts LF 7,200 $15.00 $108,000
(2) excavation CY 43,000 $15.00 $645,000
(3) mash SF 36,000 $3.25 $117,000
(4) backfiLl CY 15,000 $5.00 $75,000

b. D/S access road LF 1,500 $80.00 $120,000
01) rockbotts LF 1,100 $15.00 $16,500

(2) excavation CY 47,000 $5.00 $235,000
(3) rock excavation CY 9,000 $15.00 $135,000
(4) mesh SF 3,500 $3.25 $11,375
(5) safety fenee LF 450 $25.00 $11,250

$1,834,125
5. Excavation (Intake)

a. Overburden CY 80,000 $5.00 $400,000

b. Rock CY 70,000 $15.00 $1,050,000
c. Foundation Prep. SY 9,700 $40.00 $388,000

d. Stope Treatment
(1) rockbotts LF 21,000 $15.00 $315,000
(2) ahotcrete CY 820 300.00 $246,000
(3) fencing LF 900 $25.00 $22,500

(4) consolidation grout LS 1 $100,000.00 S100,000

$2,521,500
6. Excavation (Preformed Plunge Pool)

a. Overburden CY 50,O0 $5.00 $250,000
b. Foundation sackfili CY 3,000 $5.00 $15,000

c. iprap CY 2,000 $55.00 S110,000
d. Slope Treatment

(1) tiebacks LF 7,000 $1S.00 $105,000
$480,000

7. Excavation (Outlet Portal)
a. Overburden CY 105,000 $5.00 525,000
b. Rock CY 37,000 $15.00 $555,000
c. Foundation Prep. SY 3,000 140.00 $120,000
d. 1ope Treatment
(1) rockbolta LF 8,000 $15.00 $120,000
(2) shotcrete Cy 280 S3000 Si,000
(3) mash SF 2,600 $3.25 $6,450
(4) fencing L IF 800 $2S.00 $20,000

( ) $1,432,450
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Santa An@ Project -Seven Oaks Outlet Works -Cost Estimte
Upst ream Control - Dainatremm Access - High Level Intake Tower)

Ites Unit Quantity IMilt Cost ,Item Coat Subtotal

8. flainet Excavation (Oval W Dramas)
a. Excavation CY 51,000 $100.00 $5,100,000
b. Sup~port

(1) ahotcrat* CV 2,550 5300.00 $765,000
(2) rockbolts LF(Tuiuat) 1,900 $30.00 $57,000
(3) drains LF 600 $50.00 530,000
(4) ribs LF(Tnwi) 1,900 8450.00 M855000

c. Contact Grouting LS 1 $500000.00 $50,000
d. Grout ring LS 1 1100.000.00 $100,000

$7,407,000
9. instrumantation

a. Gaotechnicat LS 1 $100,000.00 $100,000
b. Hydraulic LS I $25,000.00 $25000

$125,000
10. Concrete

a. intake Structure
(1) below eve. 2156.0 CT 9,000 $225.0 $2,025.000
(2) above *1ev. 2156.0 CV 4,600 322.00 $1,035,000

b. U/I Access bridge LS 1 560,000.00 $60,000
c. Oval Tunnat Lining CY 18,660 5350.00 56,601,000
d. 0/S Aces"sStructure CT am $22.00 $180,000
a. Exit ChowaL Wall Cy 1,400 $22.00 $315,000
f. Cutoff wall CT 600 $22.00 $135,000

$10,351,000
11. Niscellanaus mtals

a. Mandrals and Ladders LS 1 $40,000.00 840,000
b. Low f low piping LI 12,000 10.50 $6,000
c. Grating and hatches LS 1 550,000.00 550,000

12. Structure( st
a. RO bulkhead & guidas LI 35,000 53.30 $115,500
b. Trashracks LI 1 510,000.00 510,000
C. Air duct for gates LS I W25,000.00 $35,000

$150,500
13. Nechanical Equipmant

a. Flooetl mactuioi LS 1 $30,000.00 530,000
b. Water supply LI 1 130,00.00 530,000
c. grains LI 1 515,000.00 115,000
d. .NO gates,froms,

cylinders A eperators LS 1 $1,500,000.LO 51,50000
eFuel tank & geao LS 1 $70,000.00 $70,000

f. Sanitary Facilities LS 1 810,000.00 510,000
g. ileeting & ventilating LI 1 M8,000.00 W8,000
h. Accesa whicl LS 1 510,000.00 $10,000(1. 2' x 3.5' gating LS 1 160,000.00 M6,000
1Noies LS 1 570,000.00 $70,000

k. Sluice vate Caoual) LI 1 840,000.00 340,000
1. low flow gating/piping LS 1 840,000.00 340,000



(Santa Arm Project - Seven Oaks Outlet Works -Cost Estimte
Upstream Control - Downstrea Access -NIi Level Intak* Tower

It= unit Quantity Unit Cost Item Cost Su.btotal

14. Electrical. Equipent LS I $300000.00 W30,000
$300,000

15. Architectural Features LS 1 $100,000.00 $100,000
$100,000

Sub-Totat Corot. costs $28,965,575 $28,965,575

Contingency 15.02 $4.344,836

Total Construction Costs $33,310,411
Upstream Control

5.37

IMp...IOW



TABLE 5-7
Santa Arm Project -Seven Oaks OutLet Works Cost Estimete

Nfd-tunats Controt Shaft Access -Nigh Level Intake Tower 29-Jul-88

Itm Unit Quantity Unit Cost It"E Cost Sbatt

1. Mobiization LS 1 S2.100,000 52,100,000

2. Clearing aid Grubbing AC 10 am0 SSO00CO1W00

58,000
3. Diversion and Cofferdes LS I S300000 530,000

4. Project Raab
a. Intake access road LF 4,500 580 &W6,000

(1) rockboLts LF 7,200 M15 $108,000
(2) excavation CT 43,000 Ms5 S65,000
(3) meeb SF 36,000 53.25 $117,000
(4) backffll CT 15,000 55 $75,000

b. DIS wce" road LF 1,500 S80 $120,000
(1) rockboLts LF 1,100 M1 $16,500
(2) excavation CT 47.000 $5 5235.000
(3) rock excavation CT 9,000 515 $135,000
(4) Mesh SF 3,500 53.25 $11,375
(5) safety fec LF 450 $25 511,250

c. %haft acess road (spi I ay wcess road)
(1) bridge abutmnt & LI 1 $25,000 525,000

landing $1,859,125

5. Excavation (Intake)
a. Overburden CT 80,000 $5 1400,000
b. Rock CT 70,000 $15 $1,050,000
c. Fourdstion Prep. ST 9,700 $40 $38,000
d. Stop Treatment
(1) rockboLts LF 21,000 M1 S315,000
(2) ahotcret* CT 820 S300 S246,000
(3) fencIng LF 900 $25 $22,500
(4) consolidation grout LS 1 $100,000 $100,000

52, 521,500
6. Excavation (Preformed Plwiga Pool)

a. Overburden CT 59,200 S5 529,000
b. Foundation Dackffill CT 3,000 55 $15,000
b. lpeap CT 2,000 $55 5110.000
c. Slope Treatment
(1) tiebacks LF 7,000 515 5105,000

5526,000
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Santa Arm Project - Seven Oaks Outlet Works - Cost Estimete

Nfid-tuinel Control - Shaft Accsa- High Level Intake Tower

Item Unit Quntity Unit Cost It" Cost Subtotal
...... o i... .. . .. . ...om l e ............ ... ....* * ... *.o.... ..... ..... ... . ......* .o*. . .

7. Excavation (D/S exit channeL)

a. Overburden CY 105,000 85 $525,000

b. Rock CY 37,000 S15 $555,000

c. Foundation Prep. SY 3,000 840 $120,000

d. SLope Treatment

(1) rockbo Lt LF 8,000 $15 $120,000

(2) ahotcrete CY 280 $300 $84,000

(3) msh SF 2,600 $3.25 $8,450

(4) fencing LF 800 S25 $20,000

$1,432,450

S. Tuwel Excavation C Horseshoe 11+30 to 14+83)

a. Excavation CY 8,350 $100 $835,000

b. Support

(1) ahotcrete CY 450 S300 $135,000

(2) rockbotts LF(Tunnel) 353 830 S10,590

(3) drains LF 2.000 850 $100,000

(4) ribs LF(TunneL) 353 $350 S123,550

c. Contact Grouting LS 1 S500,000 8500,000

1,704,140.00

9. Tuwel Excavation ( control section 14.83 to 16+90)

a. Excavation CY 9,025 S150 $1,353,750

b. Spuort
(1) shotcrete CY 360 S300 $108,000

(2) rockbolts LF 207 $450 $93,150

(3) drains LS 1 $75,000 875,000

(4) ribs LF 207 S5,000 S1,035,000

a. Contact Grouting LF 207 8700 $14,900

2,809,800.00

10. Tunel Excwtion C Horseshoe 16.90 to 27+57)

a. Excavation CY 17,685 $100 81,768,500
b. Support

(1) shotorete CY 1,070 8300 8321,000

(2) rockbolta LF 1,067 830 832,010

(3) ribs LF 1,067 S325 346,775

(4) grout ring LS 1 $20,000 $20,000

c. Contact Grouting LF 1,067 8350 8373,450

2,861,735.00

'11. Shaft Excavation (IS ft 1D)

a. Excavation CY 3,850 $115 S442,750

b. Support
(1) ahotcrete CY 440 $300 S132,000

(2) rockbolts LF(aheft) 406 830 12,180

(3) drains LF(*haft) 406 S200 181,200

(4) contact grout LS 0.00

668,130.00
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Santa Arim Project - Seven Oaks OutLet Works - Cost Estimte

id-tunnl Control - Shaft Access - Nigh Level Intake Tower )

Item Unit Quantfty Unit Cost Item Cost Subtotal
• .. . .. . . . ... ... * ** e . . ... .. .. . ......... = ... ........ . . . ...... l..... .. . *.........

12. Shaft Excavation (10 ft ID)
a. Excavation CY 1,450 $100 $145,000
b. Support

(1) shotcrete CY 275 1300 $82,500
(2) rockbotts LF 406 $30 $12,180
(3) drains LF 406 S200 $81,200

320,880.00

13. Instrmsntation
a. GeotechnicaL LS 1 $100,000 $100,000
b. HydrauLic LS 1 $25,000 S25,000

$125,000

14. Concrete
a. Intake Structure
(1) Betow .t. 2156.0 CY 8,700 s200 $1,740,000
(2) Above e1. 2156.0 CY 4,600 $400 $1,840,000

b. U/S Access bridge LS I 60,000 $60,000
c. Shaft access bridge LS I $60,000 $60,000
d. Exit Chomw l & Bucket Cy 1,400 S2m $315,000
e. TunuL tU/s CY 4,070 1250 $1,017,500 STA 11 30 TO 14+83
f. Tunnel d/e CY 5,345 $250 $1,336,250 STA 16.90 TO 27.57
g. Shafts and towers CY 3.875 250 $968,750 I
h. NId-turnlet contr*l CY 5,925 $250 $1,481,250 STA 14+83 TO 16+90
i. Cutoff watt CY 500 S225 $112,500

$8,818,750
15. Niacetlaneous mtats

a. Nandrail, and Ladders LS 1 $60,000 160,000
b. Grating and hatches LS 1 $50,000 $50,000
c. Shaft stairs LS 1 $150,000 $150,000

1;$260,000
16. Structural steel

3. IN) bulkhead & guides LU 120,000 13.30 $396,000
b. Tower trahreeks LS 1 120,O00 S20,00
c. NMn. diech. conduit LS 1 120,O00 S20,00
d. Low flow trashrack LS 1 120,000 120,000
e. O tlining LI 65,000 $1.90 1123,500
f. 10 vating air ductuork LI I 110,00 110,000

$589,500
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Santa An* Project - Seven Oaks OutLet Works - Cost Estimate
MHid-tunneL Control - Shaft Access - High Level Intake Tower

Item Unit Quantity Unit Cost Item Cost SubtotaL

17. Mechanical Equipmnt
a. Ftoatwelt mechanism LS 1 $30,000 530,000
b. Water supply LS 1 $30,000 $30,000

c. Structure Drains LS 1 SIS,000 $15,000
d. RO gates,frmeso,

cylinders & operators LS I S1,500,000 S1,500,000
e. Fuel tank & generator LS 1 $70,000 $70,000
f. Sanitary Facitlities LS 1 $10,000 S10,000
g. Heating & ventilating LS 1 $20,000 $20,000

h. 2'x 3.5' gating LS 1 $120,000 $120,000
i. Hoists LS 1 $70,000 $70,000
j. U/S Min flow bkhd gate LS 1 $125,000 $125,000
k. Elevator LS 1 $250,000 $250,000
t. Min. discharge valves LS 1 $50,000 $50,000
k. Min. ditch. piping LF 450 S50 $22,500

$2,312,500
18. Electrical Equipmnt LS 1 $275,000 $275,000

$275,000
19. Architectural Features LS 1 $100,000 $100,000

$100,000

Sub-Total Const. costs $29,592,510 $29,592,510

Contingency 1S.0% $4,438,877

Total Construction Costs $34,031,387
Kid-Tunnel Control

)5-41



TABLE 5-8
Santa An Project - Seven Oaks Outlet Uorks - Cost Estimate

Downstrem Control - Steel RO Corduit - High Lever Intake Tower 29-JuL-88

Item Unit Quantity Unit Cost Item Cost Subtota(

1. Mobilization LS 1.00 S2,000,000 $2,000,000

$2,000,000
2. CLearing and Grubbing AC 10.00 W800 ,000

56,000
3. Diversion and Cofferdms LS 1.00 5300,000 S300,00

5300,000

4. Project Road.

a. Intake access road LF 4,500.00 80 &360,000
(1) rockbott LF 7,200.00 $15 5108,000
(2) excavation CY 43,000.00 15 S645,000
(3) mesh SF 36,000.00 $3.25 $117,000
(4) backfill CY 15,000.00 S5 575,000

b. D/S accees road LF 1,500.00 $80 S120,000

(1) rockbolts LF 1,100.00 $15 516,500

(2) excavation CY 47,000.00 $5 S235,000
(3) rock excavation Cy 9,000.00 $15 5135,000
(4) msah SF 3,500.00 $3.25 511,375
(5) safety fence LF 450.00 525 $11,250

$1,834,125
5. Excavation (Intake)

a. Overburden CY 80,000.00 55 5400,000
b. Rock CY 70,000.00 515 51,050,000
c. Founmdatil Prep. SY 9,700.00 540 S3M,000
d. Slope Treatment
(1) rockbolt LF 21,000.00 15 $315,000

(2) shotcrete CY 820.00 S300 S246,000
(3) fencing LF 900.00 525 522,500

(4) consolidation grout LS 1.00 $100,000 $100,000

52,521,500
6. Excavation (Preformed Plunge Pool)

a. Overburden CY 92,000.00 s5 5460,000
b. Foundation Backfiltl CY 3,000.00 55 515,000

b. Riprap CY 2,000.00 555 5110,000
c. Slope Treatment

(1) tiebacks LF 7,000.00 $15 $105,000

S690,000
7. Excavation (D/S Control Sructure)

a. Overburden CY 105,000.00 55 525,000
b. lock CY 37,000.00 15 5555,000
c. Foundmtion Prep. SY 3,000.00 540 5120,000

d. Slope Treatment
(1) rocbbelts LF 8,000.00 s15 $120,000
(2) ehotcrete CY 280.00 $300 $84,000
(3) meeb SF 2,600.00 53.25 8,450
(4) fencing LF 800.00 25 $20,000

$1,432,450
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Santa Arm Project - Seven Oaks Outlet Works - Cost Estleate
Downstre Control - Steel RO Conduit - High LeveL Intake Tower

It" Unit Quantity Unit Cost Item Cost Subtotal
... .....eo .. ....... o..... .o... . o--. . ... .... .. o ............ ...........- .............

8. Twu'et Excavation ( 25' Horseshoe )
a. Excavation CY 26,500.00 $100 S2,650,000

b. Support
(1) shotcrete Cy 1,800.00 $300 $540,000
(2) rockboltts LF(Tunnel) 1,620.00 $30 S48,600

(3) drains LS 1.00 $100,000 $100,000
(4) ribs LF(TunneL) 1,620.00 S325 $526,500
(5) grout ring LS 1.00 5100,000 $100,000

c. Floor Drain Syste LS 1.00 $50,000 $50,000
d. Contact Grouting LS 1.00 5250,000 5250,000

a. Graet Drain CY 2,500.00 510 525,000
$4,290,100

9. Instruamntation
a. Geotechnical LS 1.00 $100,000 $100,000
b. Hydraulic LS 1.00 25,000 25,000

S125,000
10. Concrete

a. Intake Structure
(1) Baleow .t. 2156.0 CY 8,700.00 5200 51,740,000
(2) Above et. 2156.0 CY 4,600.00 S400 1,640,000
b. Access bridge LS 1.00 560,000 160,000
c. D/S Control Structure CY 2,500.00 $225 S62,500
d. Chamel & Flip ucket CY 2,000.00 5225 5450,000
a. Tunnel Floor & Walls CY 6,500.00 $250 $1,625,000

f. Conduit Support CY 6,500.00 $150 975,000.00
g. Cutoff Wat CY 500.00 225.00 112,500.00

S7,365, M0
11. MisceLtaneou mietals

a. Handrails and Ladders LS 1.00 560,000 560,00
b. Grating and hatches LS 1.00 $50,000 S50,OO

5110,000
12. Structural steel

a. NO bulkhead & guides LO 90,000.00 $3.30 5297,000
b. Traahracks LS 1.00 520,000 S20,000
c. NO Concit & supports LO 2,600,000.00 52 S5,200,000
d. Low Flow Pipes & Sup'a LS 1.00 5600,000 5600,000

56,117,000
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Santa Ana Project - Seven Oaks Outlet Works - Cost Estimate
Downstream Control - Steel RO Conduit - Nigh Level Intake Tower

Item Unit Quantity Unit Cost It4m Cost Subtotal
......................... Qoe . ............ .o.o..... ... . .. . ...m e o ., ........... .............

13. Mechanical Equipent

a. Floetwett mechP'i-aw LS 1.00 $30,000 530,000
b. Water supply LS 1.00 $30,000 130.000
c. Structure Drains LS 1.00 SIS,000 515,000
d. tO getes,fraws,

cylindrs & operators LS 1.00 51,500,000 $1,500.000
a. Fuel tank & generator LS 1.00 570000 $70,000

f. Sanitary Facilities LS 1.00 $10,000 $10,000
g. Reting & ventilating LI 1.00 $20,000 20,000

h. 2'x 3.5' gatlng LS 1.00 $120,000 $120,000

i. Reserved LS 1.00 so s0

J. W$ Sluice gates (3) LS 1.00 S125,000 $125,000
k. Reserved LS 1.00 s0 s0

t. Min. discharge gating LS 1.00 50,000 $50,000

$1,970,000
14. Electrical Equipment LS 1.00 $250,000 250,000

$SO,00
15. Architectural Features LS 1.00 $100,000 $100,000

$100,000
Sub-Total Const. casts $29,113,175 S29,113,175

Contingency 15.02 54,366,976

Total Construction Costs 133,480,151

Downstream Control
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SECTION 6

HYDRAULIC DESIGN

6.1 General.

a. Hydraulic Design. The hydraulic design of the Seven Oaks Dam outlet

works is based upon the required project releases listed in the operation

schedule. The hydraulic design of this project conforms to the usual

procedures for structures of this type, as outlined in engineering manuals,

hydraulic design criteria, and based on the results of model and prototype

studies.

b. Design Alternatives. Three of the four alternatives (described in

paragraph 1.1) considered for RO control have been designed: upstream control

with a horizontal gallery; downstream control with a pressurized conduit; and

mid-tunnel control with a vertical shaft.

(1) System Description. The RO works consists of two intake systems

and three separate control systems which will regulate flow. Two intake

systems, a high level intake with a 36-foot-diameter wet well and a low pool

multilevel withdrawal intake with an 8-foot by 8.5-foot wet well, will be

used. This is necessary to prevent sediment from passing through the outlet

works and to avoid dead storage during the 100-year design life of the

project. A passageway connects the two drop wells and can be closed with a

gate (wet well sluice gate). Flow can pass either direction between wet

wells. A trashrack with 6-inch by 6-inch openings will be provided in the

passageway between drop wells. This will prevent material which is large

enough to pass through the high level intake from jamming the minimum

discharge line gate. The multilevel withdrawal intake is required so the

system can pass flows at low pool elevations. The high level intake will be

used for high pool elevations and when the expected sediment deposition in the

forebay rises to a level where the low level intake can no longer be used.

The multilevel withdrawal intake consists of multiple levels of ports that can

(be stoplogged as the sediment level rises. Three separate control systems
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will be used: minimum discharge line, low flow bypass, and main RO. The

three systems are necessary to accurately regulate flow over the wide range of

pool elevations and design discharges. The minimum discharge line, the low

flow bypass, and the main RO outlet are designed to pass flows ranging from

approximately 10 to 90 cfs, 50 to 600 cfs, and 170 to 8,000 cfs, respectively

(values vary for each alternative). The overlap in discharge for the

different systems allows for some flexibility in operation. The low flow

bypass and main RO conduit tie into the wet well for the high level intake.

The minimum discharge line entrance is located at the base of the wet well for

the multilevel withdrawal intake. By closing or opening the gate in the

passageway and/or by using one or more of the bulkheads provided at the

upstream end of each conduit, any conduit or combination of conduits may be

operated while the remaining conduits are repaired or inspected (with the

exception of mid-tunnel control). There are combinations which are not

recommended for normal operation; these will be discussed later in the text.

At low pool elevations it is also possible to dewater the wet well for the

high level intake while passing flow through the minimum discharge line. For

the downstream control option, the minimum discharge line and low flow bypass

will be used for summer diversion. Both lines are required for diversion

capacity while the 11-foot-diameter pressure conduit is being installed.

Brief descriptions of each alternative follow.

(2) Unstream Control. The main RO gates, low flow bypass gate, and

minimum discharge gate are located within a single structure located at the

base of the intake tower. All regulated discharge flows into an 18-foot-

diameter, 32-foot-high oblong tunnel in which the lower 17 feet are used for

open channel flow. The upper 15 feet will be used for downstream access to

the gates and air supply passages. Flow will exit the RO conduit approximat-

ely 1,605 feet downstream of the gates. An alternate design for the minimum

discharge line is a 3-foot-diameter pressure pipe oiiginating at the bottom of

the multilevel withdrawal well that will carry flow the length of the Re works

and will be regulated at the downstream end by a cone valve. All design

computations for upstream control were based on initial design criteria. Some

of the initial design criteria has changed as discussed in paragraph 1.5. The

analysis will be reworked using the current criteria and operation schedules

if the upstream control alternative is selected for the feature design.
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(3) Downstream Control. Flow is regulated by control gates located

Qapproximately 1,680 feet downstream of the intake tower. An l-foot-diameter

steel pressure conduit will carry flow from the intake to the main RO gates.

The gates will be accessed from downstream of the dam. For low flow and

minimum discharges, 3.5-foot- and 3.25-foot-diameter steel pipes,

respectively, will carry flow under pressure for a distance of about 1,680

feet to the low flow and minimum discharge gates. Flow from each gate will

discharge into its own exit chute.

(4) Hid-Tunnel Control. Flow is regulated by control gates located

approximately 450 feet downstream of the intake tower. Access to the gates is

from the top of the dam through the 520-foot-high mid-tunnel control shaft.

An 18-foot-diameter horseshoe conduit will pass flow under pressure between

the intake and the low flow and main RO gates. A 2-foot-diameter concrete

pipe will carry minimum discharges under pressure from the multilevel

withdrawal intake tower to the mid-tunnel control area. Downstream of the RO

gates, all discharge will be open channel flow for 1,067 feet through an

18-foot-diameter horseshoe shaped tunnel. An alternate design for the minimum

discharge line is a 3-foot-diameter pressure pipe originating at the bottom of

the multilevel withdrawal well that will carry flow the length of the RO works

and will be regulated at the downstream end by a cone valve.

c. Aeration. Due to the high velocities downstream of control gates,

special measures have been incorporated for each alternative into the outlet

works in the form of aeration offsets to prevent incipient cavitation.

d. M. Whichever alternative is selected for the Seven Oaks Dam

outlet works should be model tested for the following reasons: high flow

velocities and corresponding cavitation potential; difficulty in accurately

defining flow profiles associated with offsets; to evaluate the combining of

high velocity jets from the gates for upstream and mid-tunnel control; and to

evaluate hydraulic loading on main RO gates due to the downstream and

mid-tunnel control transitions.
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e. InstiumsnratLn. The design of hydraulic prototype instrumentation

will be finalized in the feature design. Coordination has been initiated with

the prototype instrumentation section at the Watervayi Experiment Station.

This will allow the reommonded instrumentation to be incorporated into the

design early in the feature level.

6.2 Trash Structurtt.

a. Cmneal. The trash structure (see plates 2-3, 3-3, 3-4, 4-3, and 4-4)

for the throe design alternatives is designed to provide minimum resistance to

flow and to pass all material except that which would make the outlet

inoperative. Because of the large quantity of trash expected and due to the

inaccessibility of the trash deck at pool elevations above 2,299, the net area

of trash struts is larger than the minimum recommended by general guidance in

EM 1110-2-1602. The trash structure consists of 18-inch upright concrete

beams supported by 18-inch horizontal struts. The openings are 3.33 feet by

3.33 feet. The top of trash structure opening is at El. 2,292.5 and the

bottom is at El. 2,265. There are 116 openings providing a net area for the

trash structure equal to 1,289 square feet (except for mid-tunnel control

which has 122 openings). The gross area of the trash structure is 2,308

square feet. An average velocity of 6.2 feet per second (fps) Vill occur

through the trash struts at the design discharge of 8,000 cfs. Guidance from

EM 1110-2-1602 recommends that velocities through the trash struts not exceed

15 fps. Flow will enter the trash structure fairly uniformly because of

elevated invert and circular design of the high level intake. Therefore,

local net-area velocities should not deviate much from average velocities.

Since low velocities are expected through trash struts and flow should be

approximately uniform, a flow net analysis was not necessary.

b. Trash Strut Energy Losses. Equation 11, puge 366, "Design of

Small Dams," Bureau of Reclamation, was used to determine energy losses

through trash struts. Trash struts were assumed 50 percent clogged for

capacity design computations. For this condition a loss coefficient K

value of .025 was calculated. Loss coefficients determined for velocity

and gate rating computations were lower than the value of 0.02 recommended

6-4
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as general guidance in EN 1110-2-1602. This is because the net area of trash

struts is larger than the minimum required. The loss coefficients were used

with average velocity heads in the gate passages, just upstream of the gates.

6.3 Intake Tower.

a. General. Since large sediment loads are expected, a high level intake

will be used for the three design alternatives (see plates 2-3, 3-3, and

4-3). The intake tower sill is at El. 2,265, 165 feet above the intake

conduit invert. The height is based on 165 feet of predicted sediment

deposition over 100 years. Flow passing through the struts enters into a

36-foot-diameter wet well. The maximum average velocity through the wet well

will be 7.9 fps at the design discharge of 8,000 cfs. The maximum discharge

operating criteria is shown on table 6-1 and figure 6-1 for present conditions

and table 6-2 and figure 6-2 for future conditions (note this is most recent

operating criteria, original operating criteria was modified). Vortex

computations are based on guidance in EM 1110-2-1602, plate C-35. A graph of

allowable discharge versus pool elevation for each alternative is shown on

figures 6-3, 6-4, and 6-5. Vortices should not form for operating conditions

above pool El. 2,265. Due to rising and falling pools below El. 2,265,

vortices may develop as ports are submerged and exposed. Vortices are not

expected to be a problem, but this will be further investigated at the FDM

level. For a rising pool, discharges from pool El. 2,265 through pool El.

2,298 should be made using the minimum discharge line (see paragraphs on

minimum discharge line, paragraphs 6.5 through 6.7) to prevent trash from

being drawn directly into the trash struts. This will be accomplished by

closing the wet well sluice gate between the low pool multilevel withdrawal

well (see paragraph 6.4) and the main well. The manual control for the wet

well sluice gate will be located on the trash deck. For a falling pool,

between pool El. 2,298 and pool El. 2,265, discharges can be made through the

main RO gates or the low flow line. Below pool El. 2,265 the wet well sluice

gate is to be opened and provisions will be made to clean trash struts before

the next flood event.
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Table 6-1. Seven Oaks Dam Operation Schedule )
Initial Conditions*

Outflow (CFS)
Elevation Storage
(Feet) (Acre-Feet) n KLAInf** Ellai**

2,100 0 0 0 0 0
2,110 18 10 0 10"* 20
2,150 552 10 0 500** 500
2,200 2,968 10 500 500 500
2,264 10,120 10 500 500 500

2,265 10,270 10 50 500 500 *

2,269 10,882 10 50 1,000 1,000'
2,273 11,512 10 50 1,500 1,500*

2,278 12,324 10 50 2,000 2,000***

2,298 15,906 10 50 2,000 2,000**

2,299 16,099 10 500 2,000 2,000
2,300 16,293 100 500 2,030 5,000
2,400 43,327 200 500 4,340 6,500
2,500 90,398 200 500 6,560 7,000
2,570 137,830 200 500 6,950 7,800
2,580 145,608 200 500 7,000 8,000

(Spillway Crest)

2,585 149,604 0 0 0 0
2,590 153,673 0 0 0 0
2,600 162,032 0 0 0 0
2,610 170,685 0 0 0 0
(Top of Dam)

FOOTNOTES:

*After dam construction, initial operation.

**Rising pool operation used until flood event at Prado Dam has passed;
falling pool operation is then implemented.

***For rising pool, maximum discharge should be limited to 50 cfs to

prevent floating debris from accumulating on trash itructure.

****Release is equal to 10 to 20 cfs plus inflow up to El. 2,200 feet in order
to drain debris pool; when debris pool is required to be maintained, outflow
equals inflow as long as it does not exceed the maximum.

p. 6-6
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Table 6-2. Seven Oaks Dan Operation Schedule

Future Conditions*

Outflow (CFS)
Elevation Storage
(Fast) (Acre-Feet) Minimum £Jiaj%0M fu KaIM

2,265 0 0 0 0 0
2.269 10 10 50 1,000"**

2,273 38 10 50 1,500"**

2,278 102 10 50 2,000***

2,298 758 10 50 2,000O
2,299 808 10 500 2,000
2,300 859 100 500 500 2,000
2,325 2,773 100 500 2,000 4,900
2,350 5,917 100 500 2,075 5,500
2,400 16,450 200 500 2,840 6,000
2.450 33,985 200 500 4,000 6,400
2,500 58,858 200 500 5,700 6,750
2.525 74,061 200 500 6,440 6,950
2,550 91,054 200 500 6,680 7,300
2,575 109,685 200 500 6,925 7,700
2,580 113,608 200 500 7,000 8,000
(Spillway Crest)

2,585 117,604 0 0 0 0
2,590 121,673 0 0 0 0
2,600 130,032 0 0 0 0
2,610 138,685 0 0 0 0
(Top of Dam)

FOOTNOTES:

*Assuming 165 feet of sediment deposition above invert El. 2,100.

**Rising pool operation used until flood event at Prado Dam has passed; falling
pool operation is then implemented.

***For rising pool, maximum discharge should be limited to 50 cfs to
prevent floating debris from accumulating on trash structure.

****Release is equal to 10 to 20 cfs plus inflow up to El. 2,200 feet in order to
drain debris pool; when debris pool is required :o be maintained, outflow equals
inflow as long as it does not exceed the maximam.
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SEVEN OAKS
Maximum Operation Schedule
Initial Conditions _ _ _

2600 - ____ __ __
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Note

1. Maximum discharge operating schedule.
2. For rising pools the minimum discharge

line should be operated between
pool elevations 2265 to 2298 at a
maximum discharge of 50 cfs. This
will prevent floating trash from
accumulating on trash structure.

FuRqeS-I Maximum discharge operating conditions, initial conditions.
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SEVEN OAKS
Maximum Operation Schedule
Future Conditions

2600*

2500-

z4L

® 2400-

>

20 
- Rising Pool_ 2300-

Z
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a. 2265-
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0 2000 4000 6000 8000 10000

Discharge in CFS

Note

1. Maximum discharge operating schedule.
2. For rising pools the minimum discharge

line should be operated between
pool elevations 2265 to 2298 at a( Nmaximum discharge of 50 cfs. This
will prevent floating trash from
accumulating on trash structure.

Figum6-2 Maximum discharge operating conditions, future conditions.
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b. Intake Tover Energy Losses. Energy losses at entrance to high level

intake were found to be negligible due to large area and corresponding low

velocities. Friction losses in the wet well were estimated using Manning's

"n" values of .008, .012, and .015 for velocity design, gate rating curves,

and capacity design, respectively. Energy loss in the well due to friction

was found to be negligible for all cases.

6.4 Multilevel Withdrawal System. To prevent dead storage, a multilevel

withdrawal system is required in conjunction with the high level intake (see

plates 2-3, 2-4, 3-4, 4-4). Seventeen rows of 2.25-foot-diameter ports, two

ports per row, will be spaced at 10-foot intervals starting at El. 2,100.

Ports will be covered with trashracks. As deposited sediment approaches the

same elevation as a row of ports, that row of ports will be permanently closed

with a stoplog. This will prevent sediment from entering RO works. Flow

through the ports enters an 8.0- by 8.5-foot multilevel wet well. Flow out of

the multilevel wet well is controlled by a 5-foot-wide by 7-foot-high wet well

sluice gate which will be mechanically operated from the trash deck. This

gate will only be used in either the fully open or closed position. When the

wet well sluice gate is closed, flow can be passed through the minimum

discharge line (see plates 2-3, 3-3, 4-3). When this gate is open, flow

passes into the main (36-foot-diameter) wet well. Discharge rate will be

controlled by one of the main operating gates (see paragraphs 6.5 through 6.7

on RO gate rating) or with the low flow bypass system (see paragraphs 6.5

through 6.7 on low flow). Approximately 50 feet of head above the channel

bottom is required to pass 500 cfs and maintain control over flow. Below

this, control may shift from RO gates due to head loss at ports and wet well

sluice gates. With less head (fewer ports submerged), discharge will need to

be less than 500 cfs. This matter will be addressed at the FDM level.

6.5 UDstream Control.

a. Gra. The upstream control alternative was chosen first for

analysis for various construction and hydraulic reasons as discussed in

paragraph 1.2.e.

(61
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Some of the initial design criteria has changed as discussed in paragraph

1.5. The change will not have a significant impact on the system operation,

therefore the system was not reanalyzed. The text, tables, and figures in

this section do not reflect the changes in criteria. The changes in criteria

are: maximum design pool was lowered from El. 2,598 to El. 2,580; the high

level intake sill was raised from El. 2,250 to El. 2,265 due to a higher

expected sediment deposition level; and the maximum and minimum operation

schedules have been altered. The operation schedules under which the upstream

control alternate were analyzed are shown on tables 6-3 and 6-4, and figures

6-6 and 6-7. The current operation schedules are shown on tables 6-1 and 6-2

and figures 6-1 and 6-2. The analysis will be reworked using the current

criteria if the upstream control alternative is selected for the feature

design.

b. Bgelating Outlet Intake. The RO entrance invert will be at El.

2,100 feet. Two RO intake passages, each 5 feet wide by 9 feet high, will be

used. Each intake passage is sized to pass approximately 85 percent of design

discharge, 8,000 cfs at pool El. 2,598 feet. Flow will be controlled with

vertical slide gates. An upstream emergency gate will be included in each

intake passage. Provisions have been made for maintenance bulkheading.

Geometry of entrance curves is based on the design of Lost Creek Dam. The RO

works at Lost Creek were model studied, as outlined in Technical Report No.

140-1, 0utlet Works for Lost Creek Dam, Rogue River, Oregon," Division

Hydraulic Laboratory, U.S. Army Corps of Engineers, North Pacific Division.

The Lost Creek project has operated successfully since 1977. Lost Creek has

similar vertical entrance conditions and the model study indicated there would

be no adverse pressures on the system. A compound ellipse has been selected

for the roof curve, approximately a two on three ellipse for the upstream

portion, and approximately a one on three ellipse for the downstream portion.

This curve is designated type 5 for entrances flared in three directions in

Technical Memorandum No. 2-428, Report No. 2, "Investigation of Entrances

Flared in Three Directions and in One Direction," Waterways Experiment

Station. The intake curve has been extended 9 feet into the wet well to

provide an acceptable transition from the circular well to a flat front

entrance. The side curves are conventional one on three ellipses. Horizontal

and vertical entrance curves are based on width and height, respectively, of

RO intake conduits.
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Table 6-3. Seven Oaks Dan Operation Schedule*

Present Conditions (Upstream Control)

Outflow (CFS)
Elevation Storage
(Feet) (Acre-FeSt) Minium R114" Ealln * Maximu

2,100 0 0 0 0 0
2,110 18 10 0 0 10
2,150 10 0 500 500
2,200 2,468 10 0 500 500
2,201 3,042 10 500 500 500
2,249 7,997 10 500 500 500

2,250 8,130 10 50 500 500***

2,283 13,170 10 50 500 500***

2,284 13,343 10 500 2,000 4,000
2,300 16,293 10 500 4,500 5,000
2,350 27,862 10 500 5,000 6,000
2,400 43,327 200 500 5,300 6,500
2,500 90,398 200 500 6,500 7,000
2,550 123,028 200 500 6,750 7,500
2,598 160,000 200 500 7,000 8,000

(Spillway Crest)

2,600 162,032 0 0 0 0
2,610 170,685 0 0 0 0
2,620 179,634 0 0 0 0
2,630 188,880 0 0 0 0

(Top of Dam)

FOOTNOTES:

*This operation schedule was used for analysis of the upstream control

alternative. Any further analysis should be made using table 6-1.

**Rising pool operation used until flood event at Prado Dam has passed; then
falling pool operation implemented.

***For rising pool, maximum discharge should be limited to 50 cfs to

prevent floating debris from accumulating on trash structure.

6-15
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Table 6-4. Seven Oaks Dam Operation Schedule*

Future Conditions (Uustram Control)*

Outflow (CFS)
Elevation Storage
(Feet) (Acre-Feet) imLu. Iinslali** Maximum
2,100 0 0 0 0 0
2,110 0 0 0 0 0
2,200 0 0 0 0 0
2,249 0 0 0 0 0

2,250 0 0 0 0 0
2,283 560 10 0 500 500* '

2,284 598 10 0 1,000 4,000
2,300 1,225 10 0 2,000 5,000
2,301 1,307 100 500 2,000 5,000
2,350 6,498 100 500 4,800 6,000
2,400 17,044 200 500 5,300 6,500
2,500 59,083 200 500 6,120 7,000
2,550 91,100 200 500 6,500 7,500
2,598 128,000 200 500 7,000 8,000

(Spillway Crest)

2,600 130,000 0 0 0 0
2,610 138,685 0 0 0 0
2,620 147,634 0 0 0 0
2,630 156,880 0 0 0 0

(Top of Dam)

FOOTNOTES:

*This operation schedule was used for analysis of the upstream control

alternative. Any further analysis should be made using table 6-2.

**Assuming 150 feet of sediment deposition above invert El. 2,100.

***Rising pool operation used until flood event at Prado Dam has passed; then

falling pool operation implemented.

****For rising pool, maximum discharge should be limited to 50 cfs to

prevent floating debris from accumulating on trash structure.
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SEVEN OAKS
Maximum Operation Schedule
Present Conditions (Upstream Control)
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Figum6-6 Maximum discharge operating conditions, present conditions.
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SEVEN OAKS
Maximum Operation Schedule
Future Conditions (Uptream Control)
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MgmGw-7 Maximum discharge operating conditions, future conditions.
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Q c. Regulating Outlet Gate Rating.

(1) General. The RO rating curves for various gate openings are

shown on figure 6-8 (high level intake) and figure 6-9 (multilevel withdrawal

system). Figure 6-10 shows regions where minimum discharge line, low flow

bypass, and main regulating outlet are required when multilevel withdrawal

system is used. Average values of loss coefficients have been used to

approximate actual operating conditions. Minimum, average, and maximum loss

coefficients have been calculated from the pool to the regulating gates and

were used for velocity, rating curve, and capacity design, respectively.

(2) EnergX Loss Coefficients for High Level Intake. Trash strut

coefficients were determined with 0 percent, 25 percent, and 50 percent

clogging, using equation 11, page 366, *Design of Small Dams," Bureau of

Reclamation. Friction loss coefficients, K values, in the drop well were

calculated based on the Darcy-Weisbach equation using equivalent Mannings "n"

values of .008, .012, and .015. Energy loss in the well due to friction was

found to be negligible. The RO entrance loss coefficients used were .10, .15,

and .20. References are EM 1110-2-1602, Lost Creek computations, and "Design

of Small Dams," Bureau of Reclamation. Manning's "n" values used to calculate

friction losses in the tunnel upstream of the gates are .008, .012, and .015.

The total minimum, average, and maximum loss coefficients between the pool and

the section just upstream of the RO gate, relative to the area of each main

intake conduit cross section, are .158, .266, and .381, respectively. Values

are summarized in table 6-5. The total loss coefficients are higher than the

.16 for capacity and .10 for velocity suggested in EM 1110-2-1602. The

additional energy loss is due to the drop well and the reentrance condition

into the intake. The intake design at Seven Oaks is similar to that used for

Lost Creek Dam, a design that was model studied and has proven successful

during more than 10 years of prototype performance. Therefore, intake loss

coefficients were based on this project. Also, loss coefficients were

separated into components since there is no "total intake system" identical to

that proposed at Seven Oaks.
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Table 6-5. Upstream Control - Energy Loss Coefficients* (K Values) for

High Level Intake and Main RO Gates

Capacity Rating Velocity

Trash Struts 0.021 (1) 0.008 (2) 0.004 (3)

Drop Well ---- (4) ---- (5) ---- (6)

RO Intake Entrance 0.20 (7) 0.15 0.10

Friction, Gate

Passageway 0.15 (8) 0.098 (9) 0.044 (10)

Gate Slot 0.01 (11) 0.01 0.01

Total 0.381 0.266 0.158

*Note that all loss coefficients are referenced to conduit proper

upstream of gates.

(1) *Design of Small Dams," Bureau of Reclamation, page 366, eq. 11, trash

struts 50 percent clogged.

(2) Same reference as for (1), trash struts 25 percent clogged.

(3) Same reference as for (1), trash struts 0 percent clogged.

(4) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.015. Found to be negligible, less than 0.0005.

(5) Same as for (4) except n - 0.012. Found to be negligible, less than

0.0005.

(6) Same as for (4) except n - 0.008. Found to be negligible, less than

0.0005.

(7) "EM 1110-2-1602," paragraph 3-7, page 3-5, and Lost Creek Dam

computations.

(8) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.015.

(9) Same as for (8) except n - 0.012.

(10) Same as for (8) except n - 0.008.

(11) "EM 1110-2-1602," paragraph 3-7, page 3-5.
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(3) Enerv Loss Throuh Multilevel Withdrawal System. To develop the

rating curves for the RO with flow entering the drop well through the

multilevel withdrawal system, the head loss in feet through trashracks, ports,

multilevel drop well, and wet well sluice gate passage was calculated for

various discharges. The rating curve for the high level intake was then

adjusted by adding the head loss to the pool elevation for the corresponding

discharge. This adjustment was possible since losses through the high level

trash struts and main drop well are negligible for the range of discharges

passing through the multilevel withdrawal system. The trashrack loss

coefficient value of 1.11 for the multilevel withdrawal system, referenced to

velocity head through the net area of a trashrack for one row of ports, was

determined for 25 percent clogging using equation 11, page 366, "Design of

Small Dams," Bureau of Reclamation. An entrance loss coefficient K value of

.98 was used for each port. This value was calculated by converting the

average of discharge coefficients for a short tube (.82) and sharp edged

orifice (.60) to an entrance loss coefficient. The entrance loss coefficient

for a short tube and a sharp edged orifice were calculated to be .49 and 1.78,

respectively. References used were "Handbook of Hydraulics," by Brater and

King, page 4-19 through page 4-35, and "Design of Small Dams," Bureau of

Reclamation, page 363. An exit loss coefficient K value of 1.0 was assumed

for flow exiting ports into the multilevel drop wells. Friction loss

coefficient, K value, in the multilevel drop well was estimated using an

equivalent Manning's "W value of .012. Entrance loss coefficient into the

passage between drop wells, referenced to the velocity head in passageway, was

estimated at .66. This value was based on coefficients of discharge for

submerged tubes with square cornered entrances found in Kings Handbook, table

4-35, page 4-35, and "Design of Small Dams," page 363. Friction in the

passage was found to be negligible because of the short passage length. For

flow exiting the positive closure gate passage into the main drop well, an

exitloss coefficient K value of 1.0 was assumed. Lcsses at the RO entrance

and downstream to the vertical slide gates are the same as described in

paragraph 6.5.c.2 and listed on table 6-5.
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d. Low Flow.

(1) Low Flow Bvass. The low flow bypass conduit shown on plates 2-3

and 2-4 will eliminate the need to operate RO slide gates at openings of less

than 9 inches. The entrance invert will be at El. 2,100. Elliptical curves

are provided on intake passage roof and sides. A trashrack will be placed at

the entrance of the low flow bypass to prevent material, which is small enough

to pass through the trash struts for high level intake, from Jamming the low

flow slide gate. Trashrack openings are 16-inch square. Vertical and

horizontal openings in trashracks are sized based on two-thirds of the gate

width. Flow will be controlled with a 2-foot-wide by 3.5-foot-high vertical

slide gate. An upstream emergency gate will be included. Provisions have

been made for maintenance bulkheading. The low flow bypass will discharge

flow into the main RO conduit about 80 feet downstream of the low flow bypass

gate (see plate 2-4). The low flow bypass rating curves are shown on figure

6-11, high level intake, and figure 6-12, low pool multilevel withdrawal

system. Figure 6-11 shows: minimum required flow conditions for Seven Oaks

operation; discharge rating curves for a single 5-foot-wide by 9-foot-high

main RO gate with 9-inch and 12-inch openings; and discharge rating curves for

the RO low flow bypass conduit. The design condition for low flow bypass is

discharges less than those which can be controlled with a main gate opening of

9 inches, but those discharges are required by the operation schedule. When

the multilevel withdrawal system is being operated, the design discharge

through the low flow bypass will be 260 cfs and occur at pool El. 2,250 (at

pool El. 2,250, 260 cfs can be controlled with a main gate opening of 9

inches) as shown in figure 6-12. The bottom of the high level intake is at

El. 2,250. When the high level intake is being used, the design discharge

through the low flow bypass will be 490 cfs and occur at pool El. 2,598 (at

pool El. 2,598, 490 cfs can be controlled with a main gate opening of 9

inches). The low flow bypass has been sized for more than minimum capacity,

so there are regions where either the low flow gate or main gate can be used

to control flow, as shown in figures 6-10 and 6-11. The energy loss

coefficient K values used for design for operation of the high level intake

are summarized in table 6-6. The average loss coefficient between the pool

and the section just upstream of the gate, for the high level intake and

(relative to the area of low flow bypass intake conduit cross section,
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is .389. Head loss through the low pool multilevel withdrawal system has been

accounted for as described in paragraph 6.5.c.3.

Table 6-6. Upstream Control - Energy Loss Coefficients* (K Values)

for High Level Intake and Low Flow Bypass

RATING

Trash Struts ---- (1)

Drop Well ---- (2)

Intake Entrance 0.15 (3)

Friction, Gate

Passageway 0.23 (4)

Gate Slot 0.01 (5)

Total 0.39

Note that all loss coefficients are referenced to conduit proper

upstream of gates.

(1) "Design of Small Dams," Bureau of Reclamation, page 366, eq. 11,

trash struts 25 percent clogged. Negligible.

(2) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.012. Negligible.

(3) "EM 1110-2-1602," paragraph 3-7, page. 3-5, and Lost Creek Dam

computations.

(4) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.012.

(5) "EM 1110-2-1602," paragraph 3-7, page 3-5.

(2) Minimum Discharge Line. The minimum bate opening for the low

flow bypass gate will be limited to 6 inches. There will be operating

conditions when a minimum discharge line is required to control releases (see

figures 6-10 and 6-11). This line will consist of a 16-inch-diameter pipe

originating at the bottom of the multilevel withdrawal drop well. The line

exits into the regulating conduit at the downstream end of the left transition
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pier (see paragraph 6.5.g and plate 2-4). Flow is planned to be controlled

with a disk gate valve. The minimum discharge line can be operated with the

wet well sluice gate into the main drop well closed, allowing releases to be

made while the main drop well is dewatered for inspection or repair. The

rating curve for the minimum discharge line is shown on figure 6-13. An

entrance loss coefficient of 0.20 was used for rating calculations. This

assumes rounded edges at the intake entrance. An absolute roughness value of

0.00015 feet was based on figure 10-9, page 377, "Engineering Fluid

Mechanics," Roberson/Crowe. A discharge line length of 120 feet was used for

computations. Gate valve losses for various gate openings were determined

using Hydraulic Design Criteria Chart 330-1. Cavitation may occur at partial

gate openings and should be addressed in final design. Air supply to minimum

discharge line and/or alternative gate valve types should be investigated at

FDM level. An alternative design for the minimum discharge line is a

3-foot-diameter pressure pipe originating at the bottom of the multilevel

withdrawal well that will carry flow the length of the RO works and will be

regulated at the downstream end by a cone valve.

e. Aeration Scheme. Twelve-inch floor offsets and 6-inch wall offsets

will be located 4.5 feet downstream of service gates for main intakes (see

plate 2-4). A 6-inch floor offset and a 6-inch wall offset will be used for

the low flow bypass. Offsets have been selected to ensure that air is

insufflated into flow along boundaries. The aerated boundary will act as a

cushion and provide protection to keep vapor cavities from collapsing against

concrete surfaces. Offsets were selected over air slots because: offsets

will not fill with water as air slots can; offsets will not fill with

sediment; offsets provide more water surface for aeration; offsets separate

flow surfaces from jet for longer distances, entraining more air; offsets are

less critical to construct; and offsets increase the height and width of the

conduit which is favorable in transitioning from the gate passages to the main

tunnel. Preliminary design of offsets was made using recommendations in

"Hydraulic Model Studies of Chute Offsets, Air Slots, and Deflectors for

High-Velocity Jets," REC-ERC-73-5, G. L. Beichley, Bureau of Reclamation,

March 1973. The cavitation potential was analyzed at the Bureau of

Reclamation Engineering and Research Center in Denver, Colorado. The point at

which the jet first strikes
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the invert was computed to be 34 feet downstream from offsets for a discharge

of 8,000 cfs. It appears that the offsets will provide sufficient protection

against cavitation. Provision for a secondary slot approximately 500 feet

downstream of offset has been provided, however. Slots are economically

preferable at this downstream location because no change in area is needed.

Model studies will help determine location and need for secondary air slots.

Note that air supply to minimum discharge line will need to be investigated at

FDM level.

f. Air.ind.

(1) General. Air requirements were estimated using the four

different methods listed below:

(a) EM 1110-2-1602 design guidance.

(b) Bureau of Reclamation, Engineering Research Center, computer

program on aeration.

(c) Assumed velocity distribution for air in RO conduit.

(d) Libby Dam model and prototype test results.

Results from the four methods were compared and used to estimate the total air

demand, where total air demand is a combination of: air entrained in water;

and air moving above water surface (surface air demand) due to shear field

created by relative movement of water and air.

(2) Main Regulating Outlet Conduits. The maximum air demand is

expected to fall in the range of 3,200 to 5,200 cfs per main intake conduit.

The upper limit was used for design. This gives a maximum ratio, of air

demand to water discharge, of 1.3. Two air passages, each with an area of 50

square feet, start at the downstream end of the RO tunnel and end in the

vicinity of the hydraulic slide gates. A 6-foot by 6-foot air vent will be

located on the roof of each intake conduit directly above wall offsets,

(limiting the maxim= air velocity to 150 fps (see plate 2-4). The downstream

intake for air supply has been designed to ensure that velocities are less
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than 30 fps. Maximum headloss through the air passage system was calculated

to range between 1.5 and 2.4 feet of water which is higher than recommended in

the EM. The maximum head loss through air passage system was calculated using

conservative loss coefficients and high air demand. If care is used in design

of bends, transitions, etc., at FDM level, it should be possible to reduce

head loss. In this case, due to large costs associated with the size of air

vents, an exception was made to the general EM guidance.

(3) Low Flow Bypass. Four hundred ninety cfs of water is the largest

discharge which will have to be passed through the low flow bypass (see figure

6-11). Based on results from the four methods listed above, the maximum air

demand might be as high as 1.3 times the maximum water discharge. The

validity of this factor for the low flow bypass should be checked at the

feature design level, since the factor of 1.3 is based on flow through the

main RO conduit. An air demand of 640 cfs was used for design. Since water

discharges of 490 cfs are expected at much higher frequencies than the design

discharge (8,000 cfs), air velocities have been limited to less then 150 fps

for the low flow system, the maximum air velocity recommended in

EM-1110-1602. Justification for this reduction in maximum air velocity should

be investigated in more detail at the FDM level. Two 2-foot-diameter conduits

will supply air from the main tunnel. Air will be distributed from the roof

at the aeration offsets using a 2.33-foot by 3-foot plenum. The same

downstream intake for air supply will be shared by both low flow bypass and

main intake conduits.

g. Transition. The two RO conduits, each 5 feet wide by 9 feet high, and
the 2-foot-wide by 3.5-foot-high low flow bypass conduit symmetrically

transition to an 18-foot oblong section (see plate 2-4). The transition takes

place over a length of 230 feet beginning at the offset section. Criteria

used in the design of the transition are jet trajectory equations, EN

1110-2-1602 guidance, information provided by the Bureau of Reclamation, and

investigations and computations from existing projects. Five feet downstream

of the RO gates, the 5-foot by 9-foot section expands to a 6-foot-wide by

17-foot-high section via roof expansion, a 1-foot offset on the floor, and a

0.5-foot offset on each wall. The conduit floor and walls will be steel lined

from the RO gates downstream to the offsets. Two piers separate the conduits
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for a distance of 60 feet downstream of the offset. To ensure that offsets

Qprovide sufficient separation of water surface from conduit walls and floors,
the tunnel width remains constant at 24 feet for a distance of 80 feet

downstream of the offsets. The RO conduits expand to 8 feet wide, the low

flow bypass conduit expands to 5 feet wide, and the pier thickness decreases

to 1.5 feet. A 20-foot tangent section is provided downstream of the pier

nose, then the conduit transitions from a rectangular section to an oblong

section over the next 150 feet. Using guidance in EM 1110-2-1602, the minimum

transition length, from rectangular to circular section, was calculated to be

100 feet. The length was increased 50 percent based on prototype experience.

A hydraulic model study should be conducted at the FDM level to confirm that

the entire transition will be hydraulically acceptable. An energy loss (minor

loss) through transition of 0 percent was used to calculate information

required for design of energy dissipator (maximum velocity), and an energy

loss of 20 percent was used for capacity design (maximum depth). For

friction, Manning's "n" values of 0.008 and 0.015 were used for velocity and

capacity design, respectively. These computations, from the RO gates

downstream to the end of the transition, are summarized in table 6-7.

Table 6-7. Upstream Control - 18-Foot-Oblong Tunnel - Velocity

and Capacity Design Computations Downstream from

Regulating Outlet Gates to End of Transition

Variable Maximum Velocity Maximum Deth

Maximum discharge (total) 8,000 cfs 8,000 cfs

Pool elevation 2598 ft 2580 ft

Gate opening 5.9 ft 6.2 ft

Depth at vena contracta 4.6 ft 4.8 ft

Velocity at vena contracta 174.7 ft/s 165 ft/s

Specific energy at vena contr. 478 ft 433 ft

N-value through transition 0.008 0.015

Percent energy loss due to trans. 0 % 20 %

Percent energy loss from friction 11 % 31 1

Specific energy at end of trans. 428 ft 212 ft

Depth at end of transition 4.4 ft 5.7 ft

Velocity at end of transition 165.1 ft/s 115.3 ft/s
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h. Regulating Outlet Conduit Design. The tunnel has an oblong cross

section consisting of two 18-foot-diameter semi-circles separated by an

18-foot-wide by 14-foot-high rectangular section. The lower 17 feet of the

32-foot-high tunnel are available for flow. The upper 15 feet will be used

for downstream access and air passage. The conduit was sized using capacity

energy loss coefficients and assuming 50 percent bulking due to air

entrainment. The conduit is designed to pass 8,000 cfs with open channel

flow. Two flow conditions were examined: maximum velocity for design of

energy dissipator; and maximum depth for design of system capacity. Depths at

the upstream end of the tunnel were determined on the basis of maximum and

minimum energy losses through the transition. These depths were then used in

the CORPS H6209 program to calculate water surface profiles through the

conduits. Manning's On* values of 0.008 and 0.015 were used for velocity and

capacity design, respectively. Calculations were made for a tunnel length of

1,525 feet. For capacity design the maximum depth in the tunnel is 9.0 feet,

for a discharge of 8,000 cfs without air entrainment. Up to a 50 percent

increase in volume due to air entrainment is expected. This may be

conservative since air has been assumed to stay entrained in flow along the

entire conduit length, even though some air may escape from flow as water

velocities decrease downstream. This percentage should be used for design

work until further study is performed, however. Bulking will increase maximum

depth of flow (air-water mixture) to 12.5 feet (74 percent of available

conduit height). An advantage of the oblong cross-section geometry is that

conduit height can easily be decreased by changing height of rectangular

center, if assumed bulking is later found to be overconservative. Minimum

energy loss coefficients were used to calculate the maximum velocity at the

portal exit of 125 fps. Numerical results of analysis for velocity and

capacity design are listed in table 6-8, and a sketch of water surface

profiles is shown on figure 6-14. The energy grade line and pressure grade

line for the velocity and capacity analyses are shown on figures 6-15 and

6-16.

6-34

41..

4,---- " - -- i •[ i l•nn•i



.5 C)
0 e

gc*Ot+ea VLs-

oeuj ;o Pu3
Ix0

CLA

'j 00)

... J~O.LL90+CL UISI

>1>

cc 0

% 0 CL .2

_ a)

* Q.

CL. 0

rU-

C" cI-m

Oiw1

0

i. d

6-35



C2

0

> C.,
(D

w-~

c
4).

C<

0D "D Ua m~

00 40

00

wo cc

CL CL

EE In 1 I
C C aa a

LL oC2 C i
> CM cml

w w w ADN 1" IOIul UOIIBAG13 100d

0 0
CL CL

6-36



40 C

Go

I 0
I a

co

CII
*s-O

CFE
Ic

~io
I C

ID 7I
C 

C0)

U ) 1I I0 % ~ O-

0 C .:
C > U, 0

0r) 0 CA
cc L. .vJ a 0 ICinj c ),a

D .
0l a. CLo0)

-0

Sl% CD C) m CD

GAON 18- ul UOIIBA813 100d

6-37



Table 6-8. Upstream Control - 18-Foot-Oblong Tunnel Alternative - )
Velocity and Capacity Design Computations Downstream

from End of Transition to Portal Exit

Variable Maximum Velocity Maximum Deoth

Maximum discharge 8,000 cfs 8,000 cfs

(both conduits operating)

Pool elevation 2,598 ft 2,580 ft

Depth at end of transition 4.4 ft 5.7 ft

Velocity at end of transition 165.1 ft/s 115.3 ft/s

N-value through conduit 0.008 0.015

Velocity at end of conduit 124.5 ft/s 62.9 ft/s

Depth at end of conduit 5.4 ft 9 ft

Depth at end of conduit

(with 50 percent bulking) 7.3 ft 12.5 ft

Percent of conduit height

(with 50 percent bulking) 42.8 % 73.7 %

6.6 Downstream Control.

a. General. The downstream control alternative was analyzed for a steel

conduit within a tunnel. This alternative was investigated for reasons

discussed in paragraph 1.6. Advantages and disadvantages are listed in

section 5. Details of the anlysis provided are described in the following

text.

b. Regulating Outlet Intake. The RO entrance invert will be at El. 2,100

feet. One RO intake passage, 11-foot square, will be used. Provisions have

been made for maintenance bulkheading. Geometry of entrance curves is based

on the design of Lost Creek Dam. The RO works at Lost Creek were model

studied, as outlined in Technical Report No. 140-1, "Outlet Works for Lost

Creek Dam, Rogue River, Oregon," Division Hydraulic Laboratory, U.S. Army

Corps of Engineers, North Pacific Division. The Lost Creek project has

operated successfully since 1977. Lost Creek has similar vertical entrance
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conditions and the model study indicated there would be no adverse pressures

on the system. A compound ellipse has been selected for the roof curve,

approximately a two on three ellipse for the upstream portion, and

approximately a one on three ellipse for the downstream portion. This curve

is designated type 5 for entrances flared in three directions in Technical

Memorandum No. 2-428, Report No. 2, "Investigation of Entrances Flared in

Three Directions and in One Direction," Waterways Experiment Station. The

intake curve has been extended 9 feet into the wet well to provide an

acceptable transition from the circular well to a flat front entrance. The

side curves are conventional one on three ellipses. Horizontal and vertical

entrance curves are based on width and height, respectively, of the RO intake

conduit. The li-foot-square intake passage will transition to an

li-foot-diameter conduit, over a distance of 20 feet. The transition design

is based on guidance provided in EM 1110-2-1602, paragraph 4.20.c.

c. Pressure Conduit. An 11-foot-diameter pressure conduit will be used.

At the design discharge of 8,000 cfs, the velocity in the steel conduit will

be 84.1 fps. The smooth pipe curve from the Moody diagram was used to

calculate friction loss in the pressure conduit for maximum velocities.

Absolute roughness values for rating and capacity computations are .00015 feet

and .003 feet, respectively, and were based on steel in new condition and

heavily rusted. Friction values obtained from the Moody diagram are .0063,

.0086, and .015 for velocity, rating, and capacity computations,

respectively. The frictional loss coefficients to be used in the

Darcy-Weisbach equation were calculated to be .964, 1.32, and 2.3 relative to

the 11-foot-diameter conduit and a pipe length of 1,683 feet. To evaluate the

impact on project operation if an earthquake occurs, the maximum discharge was

estimated for a break in the 11-foot conduit just upstream of the downstream

transition (see paragraph 6.6.d). Discharge would be less for breaks further

upstream, due to flow restriction from outer 18-foot horseshoe tunnel. The

maximum estimated discharge is 11,800 cfs, using minimum loss coefficients for

analysis.
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d. Downstream Transition. The li-foot-diameter main RO conduit

transitions into two 5-foot-wide by 9-foot-high gate passages over a length of

55 feet (see plate 3-6). Criteria used in the transition design are EM

1110-2-1602 guidance and investigations of existing projects. The

li-foot-diameter conduit transitions to an 11-foot-square section over 20

feet. The square section symmetrically transitions to an 18-foot-wide by

9-foot-high section with an 8-foot-wide splitter pier in the center, leaving

two 5-foot-wide by 9-foot-high gate passages. The pier nose begins 15 feet

downstream of the 11-foot-square section, and has an end radius of 1.0 foot.

The pier width expands to 8 feet over a length of 20 feet. The service gates

are 25 feet downstream of the end of the transition. A loss coefficient

(minor loss) through the transition of .10, .2, and .4, relative to the area

of the gate passages, was used for velocity, rating, and capacity design,

respectively. A hydraulic model study should be conducted at the FDM level to

confirm that the entire transition will be hydraulically acceptable.

e. Reeulatine Outlet Gate Ratin.

(1) General. The RO rating curves for various gate openings are

shown on figure 6-17 (high level intake) and figure 6-18 (multilevel

withdrawal system). Figure 6-19 shows regions where minimum discharge line,

low flow bypass, and main regulating outlet are required when multilevel

withdrawal system is used. Average values of loss coefficients have been

used to approximate actual operating conditions. Minimum, average, and

maximum loss coefficients have been calculated from the pool to the regulating

gates and were used for velocity, rating curve, and capacity design,

respectively.

(2) EnergX Loss Coefficients for High Level Intake. Average loss

coefficients for the high level intake have been computed and are summarized

in table 6-9. Trash strut loss coefficients have been determined for

velocity, capacity, and rating, and are described in paragraph 6.2.b. Wet

well friction loss coefficients were calculated, but were found to be

negligible as stated in paragraph 6.3.b. RO intake losses are as shown in

table 6-9. The smooth pipe curve and absolute roughness values of .00015
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Table 6-9. Downstream Control - Energy Loss Coefficients* (K Values)

for High Level Intake and Main R0 Gates

Capacity Rating Velocity

Trash Struts 0.025 (1) 0.010 (2) 0.005 (3)

Wet Well ---- (4) ---- (5) ---- (6)

RO Intake Entrance 0.111 (7) 0.083 0.055

Bulkhead Slot 0.006 (8) 0.006 0.006

Upstream Transition 0.034 (9) 0.009 ----

Friction,

Pressure Conduit 2.064 (10) 1.185 (11) 0.865 (12)

Downstream

Transition 0.40 (13) 0.20 0.10

Gate Slot 0.01 (14) 0.01 0.01

Total 2.650 1.503 1.041

*Note that all loss coefficients are referenced to the gate passages upstream of

gates, with both gates operating equally.

(1) "Design of Small Dams," Bureau of Reclamation, page 366, eq. 11, trash

struts 50 percent clogged.

(2) Same reference as for (1), trash struts 25 percent clogged.

(3) Same reference as for (1), trash struts 0 percent clogged.

(4) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.015. Found to be negligible, less than 0.0005.

(5) Same as for (4) except n - 0.012. Found to be negligible, less than

0.0005.

(6) Same as for (4) except n - 0.008. Found to be negligible, less than

0.0005.

(7) "EM 1110-2-1602," paragraph 3-7, page 3-5, and Lost Creek Dam computations.

(8) "EM 1110-2-1602," paragraph 3-7, page 3-5.

(9) OEM 1110-2-1602," Plate C-9 and *Engineering Fluid Mechanics,"

Roberson/Crow, page 384.

(10) "Handbook of Hydraulics," Brater and King, pages 6-12, and "Engineering

Fluid Mechanics," page 376, f - 0.0150, D - 11 feet, L - 1,683 feet.

(11) Same as (9) except f - 0.0086.

(12) Sm as (9) except f - 0.0063.

(13) 'Hydraulic Design Chart" 221-1/3.

(14) -In 1110-2-1602,1 paragraph 3-7, page 3-5.
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and .003 feet were used to compute friction "f' values for the pressure

( conduit as described in paragraph 6.6.c. Minor loss coefficients due to the

transition from the pressure conduit to two gate passages are described in

paragraph 6.6.d. The total loss coefficients for velocity, rating, and

capacity are shown in table 6-9. All loss coefficients are relative to the

velocity through the gate passages.

(3) Energy Loss Throuah Multilevel Withdrawal System. To develop the

rating curves for the RO with flow entering the wet well through the multi-

level withdrawal system, the head loss in feet through trashracks, ports,

multilevel drop well, and wet well sluice gate passage was calculated for

various discharges. The rating curve for the high level intake was then

adjusted by adding the head loss to the pool elevation for the corresponding

discharge. This adjustment was possible since losses through the high level

trash struts and main wet well are negligible for the range of discharges

passing through the multilevel withdrawal system. The trashrack loss

coefficient value of 1.11 for the multilevel withdrawal system, referenced to

velocity head through the net area of a trashrack for one row of ports, was

determined for 25 percent clogging using equation 11, page 366, "Design of

Small Dams," Bureau of Reclamation. An entrance loss coefficient K value of

.98 was used for each port. This value was calculated by converting the

average (.71) of discharge coefficients for a short tube (.82) and sharp edged

orifice (.60) to an entrance loss coefficient. References used were "Handbook

of Hydraulics," by Brater and King, page 4-19 through page 4-35, and "Design

of Small Dams," Bureau of Reclamation, page 363. An exit loss coefficient K

value of 1.0 was assumed for flow exiting ports into the multilevel wet

wells. Friction loss coefficient, K value, in the multilevel wet well was

estimated using an equivalent Manning's "n" value of .012. Entrance loss

coefficient into the passage between wet wells, referenced to the velocity

head in passageway, was estimated at .66. This value was based on

coefficients of discharge for submerged tubes with square cornered entrances

found in Kings Handbook, table 4-35, page 4-35, and "Design of Small Dams,"

page 363. Friction in the passage was found to be negligible because of the

short passage length. For flow exiting the wet well sluice gate passage into

the main wet well, an exit loss coefficient K value of 1.0 was assumed.

(Losses at the RO entrance and downstream to the vertical slide gates are the

same as described in paragraph 6.6.e(2) and listed on table 6-9.
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f. Low Flo.

(1) Low Flow Ryass. The low flow bypass conduit shown on plates 3-4

and 3-6 will eliminate the need to operate RO slide gates at openings of less

than 9 inches. The entrance invert will be at El. 2,100. Elliptical curves

are provided on intake passage roof and sides. A trashrack will be placed at

the entrance of the low flow bypass to prevent material, which is small enough

to pass through the trash struts for high level intake, from Jamming the low

flow slide gate. Trashrack openings are 16-inch square. Vertical and

horizontal openings in trashracks are sized based on two-thirds of the gate

width. Provisions have been made for upstream maintenance bulkheading. The

3.5-foot-square intake passage will transition to a 3.5-foot-diameter pipe.

The 3.5-foot-diameter steel pipe will carry flow under pressure a distance of

about 1,680 feet to the low flow gate. The circular pipe transitions to a

2-foot-wide by 3.5-foot-high rectangular section. Flow will be controlled

with a 2-foot-wide by 3.5-foot-high vertical slide gate. The low flow bypass

rating curves are shown on figure 6-20, high level intake, and figure 6-21,

low pool multilevel withdrawal system. Figure 6-20 shows: minimum required

flow conditions for Seven Oaks operation; discharge rating curves for a single

5-foot-wide by 9-foot-high main RO gate with a 9-inch opening; and discharge

rating curves for the RO low flow bypass conduit. The design condition for

low flow bypass is discharges less than those which can be controlled with a

main gate opening of 9 inches, but those discharges which are required by the

operation schedule. When the multilevel withdrawal system is being operated,

the design discharge through the low flow bypass will be 310 cfs and occur at

pool El. 2,265 (at pool El. 2,265, 310 cfs can be controlled with a main gate

opening of 9 inches) as shown in figure 6-19. The bottom of the high level

intake is at El. 2,265. When the high level intake is being used, the design

discharge through the low flow bypass will be 500 cfs and occur at pool El.

2,580 (at pool El. 2,580, 500 cfs can be controlled with a main gate opening

of 9 inches) as shown in figure 6-20. The low flow bypass has been sized for

more than minimum capacity of the main gates, so there are regions where

either the low flow gate or main gate can be used to control flow, as shown in

figures 6-19 and 6-20. The energy loss coefficient K value, used for design

for operation of the high level intake are summarized in table 6-10. The

average loss coefficient between the pool and the section just upstream of the )
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Table 6-10. Downstream Control - Energy Loss Coefficients* (K Values)

for High Level Intake and Low Flow Bypass

RATING

Trash Struts ---- (1)

Wet Well ---- (2)

Intake Entrance 0.033 (3)

U/S Transition ---- (4)

U/S Bonds 0.159 (5)

Tunnel Friction 2.70 (6)

D/S Bends 0.106 (7)

Gate Slot 0.01 (8)

----------------------------------------------

Total 3.01

*Note that all loss coefficients are referenced to conduit 
proper

upstream of gates.

(1) "Design of Small Dams," Bureau of Reclamation, page 366, eq. 11,

trash struts 25 percent clogged. Negligible.

(2) Darcy-Weisbach equation - equivalent f, given Manning's roughness

coefficient n - 0.012. Negligible.

(3) "EM 1110-2-1602," paragraph 3-7, page 3-5, and Lost Creek Dam

computations.

(4) "EM 1110-2-1602," plate C-9. Negligible.

(5) "Handbook of Hydraulics," Brater and King, page 6-24.

(6) "Handbook of Hydraulics," page 6-12 and "Engineering Fluid

Mechanics," Roberson/Crowe, page 376, absolute roughness - 0.00015 feet,

f - .0106, D - 3.5 feet, L - 1,680 feet.

(7) Same as (5).

(8) EM 1110-2-1602," paragraph 3-7, page 3-5.
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gate, for the high level intake and relative to the area of low flow bypass

intake conduit cross section, is 3.01. Head loss through the low pool

multilevel withdrawal system has been accounted for as described in paragraph

6.6.e(3).

(2) Minimum Discharge Line. The minimum discharge line shown on

plates 3-4 and 3-6 will eliminate the need to operate the low flow bypass gate

at openings less than 6 inches. Elliptical curves are provided on intake

passage roof and sides. A trashrack will be placed at the entrance of the

5-foot by 7-foot wet well sluice gate conduit to prevent trash entering the

minimum discharge line from the main well. Trashrack openings are 6-inch

square; this will have to be refined at the FDM level when the final type of

valving is selected. Provisions have been made for upstream maintenance

bulkheading. The design condition for minimum discharge line is to control

lower flows which are required by the operation schedule (see figures 6-19 and

6-20). This line will consist of a 3.25-foot-diameter steel pipe originating

at the bottom of the multilevel withdrawal drop well. Flow will be controlled

with a 14-inch disk gate valve. A ball valve has been provided upstream of

this gate valve to shut off flow in case the disk gate valve requires

maintenance. The minimum discharge line can be operated with the wet well

sluice gate into the main wet well closed, allowing releases to be made while

the main wet well is dewatered for inspection or repair. The rating curve for

the minimum discharge line is shown on figure 6-22. The loss coefficient K

values used for design for operation of the minimum discharge line are

summarized in table 6-11. An entrance loss of 0.10 was used relative to the

intake passage for rating calculations. An absolute roughness value of

0.00015 feet was used, based on figure 10-9, page 377, "Engineering Fluid

Mechanics," Roberson/Crowe. A discharge line length of 1,680 feet was used

for computations. Gate valve losses for various gate openings were determined

using Hydraulic Design Criteria Chart 330-1/1. Cavication may occur at

partial gate openings and will be addressed at the FDK level. To size the

line (ensure adequate capacity), an absolute roughness value of 0.003 feet was

used. This corresponds to heavy rust. Head loss through the low pool

multilevel withdrawal system has been accounted for as described in paragraph

6.6.e(3). Air supply to minimum discharge line and/or alternative gate valve

types should be further investigated at FDK level.
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Table 6-11. Downstream Control - Energy Loss Coefficients* (K Values)

for Minimum Discharge Line

RATING

Intake Entrance 0.001 (1)

U/S Transition ---- (2)

U/S Bends 0.005 (3)

Tunnel Friction 0.093 (4)

D/S Bends 0.003 (5)

D/S Transition 0.02 (6)

Gate Slot 0.01 (7)

Total 0.132

Note that all loss coefficients are referenced to the conduit proper

upstream of the gate.

(1) "Handbook of Hydraulics," Brater and King, page 6-21.

(2) "EM 1110-2-1602," plate C-9. Negligible.

(3) "Handbook of Hydraulics," page 6-24, 25.

(4) "Handbook of Hydraulics," page 6-12 and "Engineering Fluid

Mechanics," Roberson/Crowe, page 376, absolute roughness - 0.00015 feet,

f - .0106, D - 3.25 feet, L - 1,680 feet.

(5) Sam. as (3).

(6) "E 1110-2-1602," plate C-9.

(7) "IE 1110-2-1602," paragraph 3-7, page 3-5.

)
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g. Aeration Scheme. Twelve-inch floor offsets and 6-inch wall offsets

will be located 4.5 feet downstream of service gates for main intakes (see

plates 3-6 and 3-7). A 6-inch floor offset and a 6-inch wall offset will be

used for the low flow bypass. Offsets have been selected to ensure that air

is insufflated into flow along boundaries. The aerated boundary will act as a

cushion and provide protection to keep vapor cavities from collapsing against

concrete surfaces. Offsets were selected over air slots because: offsets

will not fill with water as air slots can; offsets will not fill with

sediment; offsets provide more water surface for aeration; offsets separate

flow surfaces from jet for longer distances, entraining more air; offsets are

less critical to construct; and offsets increase the height and width of the

conduit which is favorable in transitioning from the gate passages to the RO

exit chute. Preliminary design of offsets was made using recommendations in

"Hydraulic Model Studies of Chute Offsets, Air Slots, and Deflectors for

High-Velocity Jets," REC-ERC-73-5, G. L. Beichley, Bureau of Reclamation,

March 1973. The 14-inch circular minimum discharge line will exit directly

into a rectangular section, 3 feet wide, downstream of the disk gate valve.

This will provide a minimum 6-inch floor offset and minimum of 11-inch wall

offsets. Note that aeration scheme for minimum discharge line should be

investigated in more detail at FDIM level.

h. Air Demand.

(1) Geeal. Air requirements were estimated using the four

different methods listed below:

(a) EM 1110-2-1602 design guidance.

(b) Bureau of Reclamation, Engineering Research Center, computer

program on aeration.

(c) Assumed velocity distribution for air in RO conduit.

(d) Libby Dam model and prototype test results.
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Results from the four methods were compared and used to estimate the total

air demand, where total air demand is a combination of: air entrained in

water; and air moving above water surface (surface air demand) due to shear

field created by relative movement of water and air.

(2) Main Intake Conduits. The maximum air demand is expected to fall

in the range of 3,200 to 5,200 cfs per main conduit. The upper limit was used

for design. This gives a maximum ratio of air demand to water discharge of

1.3. Air will be supplied through a rectangular box located on top of the

crane deck Just downstream of the gate control room. The rectangular box is 9

feet wide by 37 feet long by 5 feet high. The air passage system will be

located approximately 4 feet downstream from the offsets in the main conduit.

Air will be supplied through a 9-foot by 37-foot grating on the top of the box

and two 5-foot by 9-foot gratings on the sides, as shown in plate 3-7. The

gratings are provided for safety and to prevent undesirable debris from being

drawn in. Velocities into the air intake will be less than 30 fps. The air

distribution through the intake should be further analyzed at the FD level.

The only head loss through the air passage system will occur at the intake.

The maximum head loss should be less than 1.0 foot of water, the limit

recommended in general EM guidance. This will be studied in more detail for

the FDM.

(3) Low Flow Bypass. Five hundred cfs is the largest discharge which

will have to be passed through the low flow bypass (see figure 6-20). Based

on results from the four methods listed in paragraph 6.6.h(l), the maximum air

demand might be as high as 1.3 times the maximum water discharge. The

validity of this factor for the low flow bypass should be checked at the FDM

level, since the factor of 1.3 is based on flow through the main RO conduit.

An air demand of 650 cfs was used for design. The same air supply system will

be used for the main RO conduit, low flow bypass, and minimum discharge line.

There will be sufficient air available for low flow bypass and minimum

discharge line, and both air velocities and head loss through air supply will

be acceptable, since the air supply system was sized based on the larger air

demand required for the main RO conduit.

F4
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(i. Regulatina Outlet Exit Chute. The regulating outlet chute is shown on

plates 3-5 and 3-6. Each of the RO gate passages, 5 feet wide by 9 feet high,

transition into an 11-foot wide by 16-foot high exit chute. The transition

takes place over a distance of 53 feet beginning at the offset. Four and

one-half feet downstream of the RO gates, the section expands via roof

expansion, a 1-foot offset on the floor, and 0.5-foot offset on each wall.

The conduit floor and walls will be steel lined from the RO gates downstream

to the offsets. The 6-foot-wide section expands to 11 feet at a slope of one

on twenty-one. The increase in width is necessary to reduce the unit flow

rate for energy dissipation. Also, by increasing the width, the distance from

the offset at which the jet impacts the exit chute is greater, entraining more

air in the flow. The conduit height increases to 19 feet, 4 feet downstream

of offsets. The exit chute will be covered for a distance of 57.5 feet

downstream of the RO service gates, except for the 9-foot-wide air supply

intake. The roof should prevent significant spray caused by turbulence of

flow at the gates and offsets, and should prevent overtopping of the exit

chute walls. The roof will also be used as a crane deck. The roof will end

at the same station as the transition, Station 28+59, and the wall heights

decrease to 16 feet. The flow profile will be more uniform downstream of the

gates, and the roof and higher walls should no longer be required to contain

spray. Exit chutes for the minimum discharge line and low flow bypass have a

constant width of 3.0 feet downstream of the offsets. Wall heights are the

same as for the main RO exit chutes except downstream of Station 28+59, where

the wall heights decrease to 8 feet for the minimum discharge exit chute.

Maximum velocities through the system were estimated for both design

discharges and maximum gate openings using minimum loss coefficients (see

paragraph 6.6.e). Results are summarized in table 6-12 for velocities at the

vena contracta and velocities in the exit channel at Station 30+40. Note that

velocity computations for the exit channel assumed no loss due to the offsets,

no loss due to expansion, and neglected effects of air entrainment. A

Manning's "nO value of 0.008 was used to estimate the flow profile through the

exit chutes. Since there are separate conduits and exit chutes for the RO,

low flow bypass, and minimum discharge line, calculations for each of these

systems were made independently. Maximum depths were also estimated using

capacity loss coefficients and results are summarized in table 6-13. An

energy loss of 25 percent was used for the main RO chutes to account for
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Table 6-12. Downstream Control - Maximum Velocities in Exit Chute

Max. Velocity Min. Depth )
Percent Total (bLs) (feet) 

Pool El. Cate Discharge Vena Station Station

(Qeet-NGVD) Syste Opening J Cntracts 0+40 30+40

2,580 RO* 72 8,000 160 145 2.5

2,580 Ro* 100 11,440 130 120 4.3

2,580 RO** 66 4,000 175 160 2.3

2,580 RO* 100 7,022 155 150 4.3

2,580 Low Flow 66 500 140 100 1.7

2,580 Low Flow 100 715 100 80 2.9

2,300 Min. Discharge 73 90 125 45 0.65

2,580 Min. Discharge 100 180 175 80 0.75

* Both gates operating at equal openings.

One gate operating.

Table 6-13. Downstream Control - Maximum Depths in Exit Chute

Minimum Velocity Maximum Depth

(fps) (feet)

Percent Total Station Station 30+40

Pool El. Cate Discharge Vena 30+40 0% 50% 130%

(fetNnGIDIR Systm 92en JeZaL Contr&act 0%M~ IBk bk Am" Am

2,580 RO* 95 8,000 110 80 4.6 6.9 10.6

2,580 RO* 100 8,615 95 70 5.7 8.6 13.1

2,580 RO* 70 4,000 160 110 3.3 5.0 7.6

2,580 RO** 100 5,850 130 95 5.6 8.4 12.9

2,580 Low Flow 100 500 71 30 5.5 8.3 12.7

2,580 Low Flow 100 510 73 31 5.5 8.3 12.7

2,300 Min. Dis. 75 90 120 16 1.9 2.9 4.4

2,580 Min. Dis. 100 170 170 30 1.9 2.9 4.4

* Both gates operating at equal openings. )
**One gate operating.
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losses at the offset, transition, and frictional loss through the transition.

Energy losses of 15 and 20 percent were assumed for losses at the offset, for

the low flow bypass, and minimum discharge line, respectively. A Manning's
"nU value of 0.015 was used to estimate the flow profile through the exit

chutes for capacity calculations. To estimate the effects of air entrainment

on flow depths, depths were calculated with 50 percent and 130 percent bulk-

ing. A hydraulic model study should be conducted at the FDI level to confirm

that the entire exit chute transition will be hydraulically acceptable because

of high flow velocities and corresponding cavitation potential and difficulty

in accurately defining flow profiles associated with offsets.

J. Energy Grade Line and Pressure Grade Line. The energy grade line

(EGL) and pressure grade line (PGL) have been computed from the intake

downstream to the RO gates for a discharge of 8,000 cfs through the RO works.

For pressure flow downstream to the gates, the velocity head in any section

remains constant for a fixed discharge. Minimum pressures and maximum gate

opening will occur for maximum head loss through the system. Therefore,

maximum loss coefficients (see paragraph 6.6.e) were used for the EGL and PGL

shown in figure 6.23. )

6.7 Nid-Tunnel Control.

a. g&al. The mid-tunnel control alternative was analyzed for reasons

discussed in paragraph 1.7. Advantages and disadvantages are listed in

section 5. Details of the analysis provided are described in the following

text.

b. Remulating Outlet Intake. The Re entrance invert will be at El. 2,100

feet. An 18-foot-diameter horseshoe shaped intake will be used. Provisions

have been made for maintenance bulkheadLng. The entrance curves will have

2-foot radii. Elliptical entrance curves are not required because the intake

area is large, 289 square feet. The average flow velocity at the entrance

will be 28 feet per second for the design discharge of 8,000 cubic feet per

second. Positive pressures can be maintained at the intake for all flows so

entrance curves are adequate as stated in K 1110-2-1602, paragraph 3-6. The

side and roof curves will be the sam. The intake has been extended into the

wet well to provide an acceptable transition from the circular well to a flat

front entrance.
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( c. Pressure Conduit. An 18-foot-diameter horseshoe conduit has been

designed to operate under pressure flow. At the design discharge of 8,000 cfs
the average velocity in the concrete conduit will be 27.7 fps. The smooth

pipe curve from the Moody diagram was used to calculate friction loss in the
pressure conduit for maxi uum velocities. Absolute roughness values for rating
and capacity computations are .001 and 003 feet, respectively, and were based

on a concrete surface in good condition and unusually rough (see "Engineering

Fluid Mechanics," by Roberson and Crowe, and "Handbook of Hydraulics," by

Brater and King). Friction values, f, obtained from the Moody diagram are

.009, .011, and .013 for velocity, rating, and capacity computations,

respectively. The frictional loss coefficients, K, to be used in the

Darcy-Weisbach equation were calculated to be 0.17, 0.23, and 0.27, relative

to the 18-foot-diameter horseshoe conduit and a length of 363 feet.

d. Mid-Tunnel Transition. The transition from the 18-foot-diameter
horseshoe conduit to the main RO and low flow conduit intakes occur over a
distance of 25 feet (see plate 4-5). Approximately 365 feet downstream of the
36-foot-diameter wet well, the 18-foot-diameter horseshoe conduit transitions

into the 18-foot-high by 23-foot-wide section over a distance of 25 feet. The

transition length was calculated for an offset distance of 2.5 feet and is

based on design guidance in EM 1110-2-1602, page 4-13. The angle of expansion

relative to the conduit centerline is 5.7 degrees. Downstream of the

transition the rectangular conduit remains constant in cross section for 25

feet. At the end of this rectangular section, two 5.5-foot-wide piers

symmetrically split the flow into two 5-foot-wide by 9-foot-high main RO
conduits and a 2-foot-wide by 3.5-foot-high low flow bypass conduit. Each of

the main RO conduit intakes is sized to pass approximately 75 percent of the
design discharge at pool El.2,580, with only one of the gates open.

Conventional one on three elliptical curves have been selected for the roof

and inner side curves of the entrance to the gate passages and these curves

form the pier end curves. The service gates are approximately 53 feet

downstream from the start of the piers. The invert of the gates is at El.

2.090.2. An upstream emergency gate will las provided in each passage. A loss

coefficient (minor loss), through the transition of .1, .25, and .4 relative to( ~ the area of the gate passages was used for velocity, rating, and capacity
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design, respectively. The smooth pipe curve from the Moody diagram was used

to calculate friction loss for maximum velocities. Absolute roughness values )
for rating and capacity computations are .001 and .003 feet. A hydraulic

model study should be conducted at the FDK level to confirm that the entire

transition will be hydraulically acceptable.

e. Regulating Outlet Gate Rating.

(1) General. The R0 rating curves for various gate openings are

shown on figure 6-24 (high level intake) and figure 6-25 (multilevel

withdrawal system). Figure 6-26 shows regions where minimum discharge line,

low flow bypass, and main regulating outlet are required when multilevel

withdrawal system is used. Average values of loss coefficients have been used

to approximate actual operating conditions. Minimum, average, and maximum

loss coefficients have been calculated from the pool to the regulating gates

and were used for velocity, rating curve, and capacity design, respectively.

(2) Enargv Loss Coefficients for Hiah Level Intake. Average loss

coefficients for the high level intake have been computed and are summarized )
in table 6-14. Trash strut loss coefficients have been determined for

velocity, capacity, and rating, and are described in paragraph 6.2.b. Wet

well friction loss coefficients were calculated, but were found to be

negligible as stated in paragraph 6.3.b. RO intake losses are as shown in

table 6-14. The smooth pipe curve and absolute roughness values of .001 and
.003 feet were used to compute friction "f3 values for the pressure conduit as

described in paragraph 6.7.c. Minor loss coefficients due to the transition

from the pressure conduit to separate gate passages are described in paragraph

6.7.d. The total loss coefficients for velocity, rating, and capacity are

shown in table 6-14. All loss coefficients are relative to the velocity

through the gate passages.

(3) Enermy LOs, Through jultilevel Withdrawal Syst . To develop

the rating curves for the 1O with flow entering the wet well through the

multilevel withdrawal system, the head loss in feet through trashracks,

ports, multilevel drop well, and wet well sluice gate passage was
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Table 6-14. Mid-Tunnel Control - Energy Loss Coefficients* (K values) for
High Level Intake and Main RO Gates

Trash struts 0.028 (1) 0.011(2) 0.005 (3)
Drop well (4) ---- (5) ----- (6)
RO intake 0.039 (7) 0.029(8) 0.019 (9)
Bulkhead slot (10) .....
Friction - pressure conduit,

transition, and gate passages 0.138 (11) 0.113(12) 0.069(13)
Mid-tunnel transition 0.4 (14) 0.25 0.10
Emergency gate slot 0.01 (15) 0.01 O.01U
Total 0.615 0.413 0.203

Note that all loss coefficients are referenced to conduit proper upstream of
gates and are for both gates being operated equally.

(1) "Design of Small Dams," Bureau of Reclamation, page 366, eq. 11, trash
struts 50 percent clogged.
(2) Same reference as for 1, trash struts 25 percent clogged.
(3) Same reference as for 1, trash struts 0 percent clogged.
(4) Darcy-Weisbach equation - equivalent f, given Manning's roughness
coefficient n - 0.015. Found to be negligible, less than 0.0005.
(5) Same as for 4 except n - 0.012. Found to be negligible, less than 0.0005.
(6) Same as for 4 except n - 0.008. Found to be negligible, less than 0.0005.
(7) Entrance loss of 0.4 times velocity head in 18-foot horseshoe section.
Note that for a square edged entrance, the coefficient would be 0.5, "Handbook
of Hydraulics," Brater and King, pg 6-20.
(8) Entrance loss of 0.3 times velocity head in 18-foot horseshoe section,
reference EM 1110-2-1608," paragraph 3-7, page 3-5, and Lost Creek Dam
Computations.
(9) Entrance loss of 0.2 times velocity head in 18-foot horseshoe section.
(10) EM 1110-2-1602, paragraph 3-7, page 3-5.
(11) EM 1110-2-1602, paragraph 2-12.g. (1)(a), page 2-10, e - .003.
(12) "Handbook of Hydraulics," Brater and King, pages 6-12, and "Engineering
Fluid Mechanics," page 376, e - .001.
(13) EM 1110-2-1602, paragraph 2.12.g.(1)(b), page 2-10, smooth pipe curve.
(14) Hydraulic Design Chart, 221-1/3.
(15) EM 1110-2-1602, paragraph 3-7, page 3-5.
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calculated for various discharges. The rating curve for the high level intake

was then adjusted by adding the head loss to the pool elevation for the

corresponding discharge. This adjustment was possible since losses through

the high level trash struts and main vet well are negligible for the range of

discharges passing through the multilevel withdrawal system. The trashrack

loss coefficient value of 1.11 for the multilevel withdrawal system,

referenced to velocity head through the net area of a trashrack for one row of

ports, was determined for 25 percent clogging using equation 11, page 366,

"Design of Small Dams,' Bureau of Reclamation. An entrance loss coefficient K

value of .98 was used for each port. This value was calculated by converting

the average (.71) of discharge coefficients for a short tube (.82) and sharp

edged orifice (.60) to an entrance loss coefficient. References used were

"Handbook of Hydraulics,u by Brater and King, page 4-19 through page 4-35, and

"Design of Small Dams," Bureau of Reclamation, page 363. An exit loss

coefficient K value of 1.0 was assumed for flow exiting ports into the

multilevel wet wells. Friction loss coefficient, K value, in the multilevel

wet well was estimated using an equivalent Manning's "n" value of .012.

Entrance loss into the passage between wet wells, referenced to the velocity

head in passageway, was estimated at .66. This value was based on

coefficients of discharge for submerged tubes with square cornered entrances

found in Kings Handbook, table 4-35, page 4-35, and "Design of Small Dams,"

page 363. Friction in the passage was found to be negligible because of the

short passage length. For flow exiting the wet well sluice gate passage into

the main drop well, an exit loss coefficient K value of 1.0 was assumed.

Losses at the RO entrance and downstream to the vertical slide gates are the

same as described in paragraph 6.8.b and listed on table 6-14.

f. Low F1w.

(1) Low Flow Bypass. The low flow bypass shown on plates 4-5 and 4-6

will eliminate the need to operate RO slide gates at openings of less than 9

inches. The entrance invert will be at El. 2,090.2. Flow will pass through

the 16-foot horseshoe conduit until it reaches the intake to the low flow

bypass gate passage. Elliptical curves are provided on the intake passage

()
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roof and sides. A semi-circular trashrack, 18 feet high with a 4.5-foot

radius, will be provided at the upstream end of the intake piers. The

trashrack will prevent material which is small enough to pass through the

trash struts for the high level intake from blocking the low flow slide gate.

Maintenance of this trashrack will be an important consideration at the FDM

level. Flow will be controlled with a 2-foot-wide by 3.5-foot-high vertical

slide gate. The low flow bypass rating curves are shown on figure 6-27, high

level intake, and figure 6-28, low pool multilevel withdrawal system. Figure

6-27 shows: minimum required flow conditions for Seven Oaks operation;

discharge rating curves for a single 5-foot-wide by 9-foot-high main RO gate

with a 9-inch opening; and discharge rating curves for the RO low flow bypass

conduit. The design condition for low flow bypass is discharges less than

those which can be controlled with a main gate opening of 9 inches, but those

discharges which are required by the operation schedule. When the multilevel

withdrawal system is being operated, the design discharge through the low flow

bypass will be 290 cfs and occur at pool El. 2,265 (at pool El. 2,265, 290 cfs

can be controlled with a main gate opening of 9 inches) as shown in figure

6-26. The bottom of the high level intake is at El. 2,265. When the high

level intake is being used, the design discharge through the low flow bypass

will be 485 cfs and occur at pool El. 2,580 (at pool El. 2,580, 485 cfs can be

controlled with a main gate opening of 9 inches) as shown in figure 6-27. The

low flow bypass has been sized for more than minimum capacity of the main

gates, so there are regions where either the low flow gate or main gate can be

used to control flow, as shown in figures 6-26 and 6-27. The energy loss

coefficient K value, used for design for operation of the high level intake

are sumarized in table 6-15. The average loss coefficient between the pool

and the section just upstream of the gate, for the high level intake and

relative to the area of low flow bypass intake conduit cross section, is

.512. Head loss through the low pool multilevel withdrawal system has been

accounted for as described in paragraph 6.7.e(3).
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Table 6-15. Mid-Tunnel Control - Energy Loss Coefficients* (K Values)

for High Level Intake and Low Flow Bypass

RATING

Trash struts ---- (1)

Wet well ---- (2)

Bulkhead slot ---- (3)

Intake entrance ---- (4)

Friction - pressure

conduit, transition,

and gate passages .252 (5)

Mid-tunnel transition .250 (6)

Gate Slot .010 (7)

Total .512

*Note that all loss coefficients are referenced to conduit proper

upstream of gates.

(1) "Design of Small Dams," Bureau of Reclamation, page 366, eq. 11,

trash struts 25 percent clogged. Negligible.

(2) Darcy-Weisbach equation - equivalent f, given absolute roughness

value E - .001 feet. Negligible.

(3) EM 1110-2-1602, paragraph 3-7, page. 3-5. Negligible.

(4) Entrance loss relative to 18-foot horseshoe section. Reference "EM

1110-2-1602," page 3-5, and Lost Creek Dam computations. Negligible.

(5) "Handbook of Hydraulics," page 6-12, and "Engineering Fluid

Mechanics," Roberson/Crowe, page 376, absolute roughness - .001 feet, f -

.016, D - 2.54 feet, L - 40 feet. Friction in 18-foot horseshoe tunnel

was negligible. Friction loss coefficient is for loss in the gate

passage.

(6) "Hydraulic Design Chart," 221-1/3.

(7) EM 1110-2-1602, paragraph 3-7, page 3-5.

(66
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(2) Minimum Dischar2 Line. The minimum discharge line shown on

plates 4-5 and 4-6 will eliminate the need to operate the low flow bypass gate )
at openings less than 6 inches. Elliptical curves are provided on intake

passage roof and sides. A trashrack will be placed at the entrance of the

5-foot by 7-foot wet well sluice gate conduit to prevent trash entering the

main well from reaching the minimum discharge line. Trashrack openings are

6-inch square; this will have to be refined at the FDM level when the final

type of valving is selected. Provisions have been made for upstream

maintenance bulkheading. The design condition for minimum discharge line is

to control lower flows which are required by the operation schedule (see

figures 6-26 and 6-27). This line will consist of a 2-foot-diameter concrete

pipe originating at the bottom of the multilevel withdrawal drop well. Flow

will be controlled with a 16-inch disk gate valve. The invert of disk gate

valve is at El. 2,102.2. An upstream emergency gate valve has been provided.

The minimm discharge line can be operated with the wet well sluice gate

closed, allowing releases to be made while the main wet well is dewatered for

inspection or repair. The rating curve for the minimum discharge line is

shown on figure 6-29. The loss coefficient K values used for design for

operation of the minimum discharge line are summarized in table 6-16. An

entrance loss of 0.10 was used relative to the intake passage for rating

calculations. An absolute roughness value of 0.001 feet was used, based on

figure 10-9, page 377, "Engineering Fluid Mechanics," Roberson/Crowe. A

discharge line length of 440 feet was used for computations. Gate valve

losses for various gate openings were determined using Hydraulic Design

Criteria Chart 330-1/1. Cavitation may occur at partial gate openings and

will be addressed at the FDK level. To size the line (ensure adequate

capacity) an absolute roughness value of 0.003 feet was used. Head loss

through the low pool multilevel withdrawal system has been accounted for as

described in paragraph 6.7.e(3). Air supply to minimum discharge line and/or

alternative gate valve types should be further investigated at FDM level. An

alternative plan for the minimum discharge line is a 3-foot-diameter pipe that

will carry flow from the multilevel withdrawal well to the end of the RO works

which will be regulated at the downstream end. Further design for this

alternative will be done at the feature design level.
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Table 6-16. Mid-Tunnel Control - Energy Loss Coefficients* (K Values)

for Minium Discharge Line

RATING

Intake entrance .020(1)

U/S bulkhead slot .002(2)

Bends .166(3)

Contractions .006(4)

Friction 1.031(5)

D/S gate slot .010(6)

Total 1.235

Note that all loss coefficients are referenced to the conduit proper

upstream of the gates.

(1) "Handbook of Hydraulics," Brater and King, page 6-21.

(2) EM 1110-2-1602, paragraph 3-7, page 3-5.

(3) "Handbook of Hydraulics," page 6-24, 25.

(4) 'Engineering Fluid Mechanics," Roberson/Crowe, p 384.

(5) "Handbook of Hydraulics," page 6-12, and "Engineering Fluid

Mechanics," page 376, absolute roughness- .001 feet.

(6) Same as (2).

)
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g. Aeration Scheme. Twelve-inch floor offsets and 6-inch wall offsets

will be located 4.5 feet downstream of service gates for main intakes (see

plates 4-5 and 4-6). A 6-inch floor offset and a 6-inch wall offset will be

used for the low flow bypass. Offsets have been selected to ensure that air

is insufflated into flow along boundaries. The aerated boundary will act as a

cushion and provide protection to keep vapor cavities from collapsing against

concrete surfaces. Offsets were selected over air slots because: offsets

will not fill with water as air slots can; offsets will not fill with

sediment; offsets provide more water surface for aeration; offsets separate

flow surfaces from jet for longer distances, entraining more air; offsets are

less critical to construct; and offsets increase the height and width of the

conduit which is favorable in transitioning from the gate passages to the main

tunnel. Preliminary design of offsets was made using recommendations in

"Hydraulic Model Studies of Chute Offsets, Air Slots, and Deflectors for

High-Velocity Jets," REC-ERC-73-5, C. L. Beichley, Bureau of Reclamation,

March 1973. The circular minimum discharge line will exit directly from the

16-inch disk gate valve into a rectangular section, 3 feet wide, downstream of

the disk gate valve. This will provide a minimum 4-inch floor offset and

minimum of 10-inch wall offsets. Note that aeration scheme for minimum

discharge line should be investigated in more detail at FDM level.

h. Air Demad

(1) General. Air requirements were estimated using the four

different methods listed below:

(a) EM 1110-2-1602 design guidance.

(b) Bureau of Reclamation, Engineering Research Center, computer

program on aeration.

(c) Assumed velocity distribution for air in RO conduit.

(d) Libby Dam model and prototype test results.

()
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Results from the four methods were compared and used to estimate the total air

demand, where total air demand is a combination of: air entrained in water; )
and air moving above water surface (surface air demand) due to shear field

created by relative movement of water and air.

(2) Main Intake Conduits. The maximum air demand is expected to fall

in the range of 3,200 to 5,200 cfs per main intake conduit. The upper limit

was used for design. This gives a maximum ratio, of air demand to water

discharge, of 1.3. Air will be supplied to the main RO gates by a

10-foot-diameter vertical shaft located adjacent to the mid-tunnel tower as

shown on plates 4-5 and 4-6. The air passage has an area of 78.5 square

feet. Maximm velocity through the air supply shaft will be 135 fps, less

than the maximum of 150 fps recommended in EM 1110-2-1602. The intake for the

air supply has been designed to ensure that velocities are less than 30 fps,

as recommended in EK 1110-2-1602, paragraph 3.17.d. The one main vertical

shaft manifolds into two 6-foot by 6-foot passageways to vent each of the

gates. The air vents terminate into 6-foot by 6-foot plenums located in the

conduit roofs directly above the wall offsets. Kaximum headloss through the

air passage system was calculated to range between 1.5 and 2.4 feet of water

which is higher than recommended in the EM. The maximum head loss through air

passage system was calculated using conservative loss coefficients and high

air demand. If care is used in design of bends, transitions, etc., at FDM

level, it should be possible to reduce head loss. In this case, due to large

costs associated with the size of air vents, an exception was made to the

general EM guidance.

(3) Low Flow BAnass. Four hundred eight-six cfs of water is the

largest discharge which will have to be passed through the low flow bypass

(see figure 6-27). Based on results from the four methods listed above, the

maximum air demand might be as high as 1.3 times the maximum water discharge.

The validity of this factor for the low flow bypass should be checked at the

feature design level, since the factor of 1.3 is based on flow through the

main RO conduit. An air demand of 650 cfa was used for design. Since water

discharges of 486 cfa are expected at much higher frequencies than the design

discharge (8,000 cfs), air velocities have been limited to 75 fps for the low

flow system rather than 150 fps, the maximum air velocity recommended in

31-1110-1602. Justification for this reduction in maximum air velocity
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should be investigated in more detail at the FD level. Two 2-foot-diameter

conduits will supply air from the main air supply conduit. Air will be

distributed from the roof at the aeration offsets using a 2.33-foot by 3-foot

plenum.

I. Downstream 3Jsition. The two regulating outlet conduits, each

5 feet wide by 9 feet high, and the 2-foot-wide by 3.5-foot-high low flow

bypass conduit symetrically transition to an 18-foot-diameter horseshoe

section (see plate 4-5). The transition takes place over a length of 205 feet

beginning at the offset section. Four and one-half feet downstream of the RO

gates, the 5-foot by 9-foot section expands to a 6-foot-wide by 18-foot-high

section by expansion of the roof, a 1-foot offset on the floor, and a .5-foot

offset on each wall. Two piers separate the conduits for a distance of 120

feet downstream of the offset. The tunnel width remains constant at 24 feet

for a distance of 140 feet downstream of the offsets. Over the length of the

piers, the RO conduits expand to 7 feet wide, the low flow bypass conduit

expands to 5 feet wide, and the pier thickness decreases to 2.5 feet. A

50-foot-tangent section is provided downstream of the pier nose and then the

conduit transition from a 24-foot-wide horseshoe-shaped section to an

18-foot-diameter horseshoe section over the next 65 feet. The length of the

piers is controlled by the minimum discharge line. Downstream of the gates

the minimum discharge line is located within one of the piers that separate

the low flow bypass from the main RO conduits (see plate 4-5). The invert of

the disk gate valve for the minimum discharge line is located 12 feet above

the invert of the RO slide gates. Piers are designed so that flow through the

minimum discharge line will make the drop in elevation to the invert of the

downstream conduit without separation of the flow. Note that if the

alternative for the minimum discharge line with downstream control is

selected, the pier length could be shortened. A minimum pier length of 141

feet measured from the disk gate valve or 120 feet from the offsets was deter-

mined using jet trajectory equations. The rest of the transition was designed

based on information provided by the Bureau of Reclamation, EN 1110-2-1602,

guidance, and investigations and computations from existing projects. A

hydraulic model study should be conducted at the FM level to confirm that the

(transition will be hydraulically acceptable. An energy loss at the offset and

) through the transition of 0 percent (maximum velocity), and an energy loss of
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20 percent was used for capacity design (maxima depth). These computations,

from the RO gates downstream to the end of the transition, are summarized in

table 6-17.

Table 6-17. Kid-Tunnel Control - 18-Foot-Horseshoe Tunnel - Velocity and

Capacity Design Computations Downstream from Regulating Outlet

Gates to End of Transition

Variable MAximum Velocity Kaxim Doh

Maximum discharge (total) 8,000 cfs 8,000 cfs

Pool elevation 2,580 ft 2,580 ft

Gate opening 6.0 ft 6.3 ft

Depth at vena contracta 4.7 ft 4.9 ft

Velocity at vena contracts 172 ft/s 162 ft/s

Specific energy at vena contr. 465 ft 414 ft

N-value through transition 0.008 0.015

Percent energy loss due to trans. 0 % 20 %

Percent energy loss from friction 9 % 30 %

Specific energy at end of trans. 422 ft 207 ft

Depth at end of transition 2.0 ft 2.9 ft

Velocity at end of transition 164.5 ft/s 114.6 ft/s

J. Regulating Outlet Conduit Design. The conduit has an 18-foot-diameter

horseshoe cross section. The conduit was sized based on diversion

requirements. After construction the conduit will pass all regulated

discharges with open channel flow. Two flow conditions were examined for the

RO conduit: (1) maximum velocity to evaluate cavitation potential and for

design of energy dissipator; and (2) maximum depth for design of system

capacity. Depths at the upstream end of the conduit were determined on the

basis of maximum and minimum energy losses through the transition. These

depths were then used in the Corps H6209 program to calculate water surface

profiles through the conduits. Kanning's un" values of 0.008 and 0.015 were

used for velocity and capacity design, respectively. Calculations were made

for a conduit length of 952 feet, portal exit at Station 27+57. For capacity

computations the maximum depth in the conduit and exit chute is 6.9 feet for a )
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discharge of 8,000 cfs without air entrainment. Up to a 50 percent increase

in volume due to air entrainment is expected. This may be conservative since

air has been assumed to stay entrained in flow along the entire conduit

length, even though some air may escape from flow as water velocities decrease

downstream. This percentage should be used for design work until further

study is performed, however. Bulking may increase maximum depth of flow

(air-water mixture) to 10.4 feet in the conduit (58 percent of available

conduit height). Minimum energy loss coefficients were used to calculate the

maximum velocity at the portal exit of 124 fps for a discharge of 8,000 cfs.

Numerical results of analysis for velocity and capacity design are listed in

table 6-18. The energy grade line and pressure grade line for velocity and

capacity analyses are shown on figure 6-30.

Table 6-18. Mid-Tunnel Control - 18-Foot-Horseshoe Tunnel - Velocity and

Capacity Design Computations Downstream from End of Transition

to Portal Exit

Variable Maximum Velocity Maximum Deoth

Maximum discharge 8,000 cfs 8,000 cfs

(both conduits operating)

Pool elevation 2,580 ft 2,580 ft

Depth at end of transition 2.0 ft 2.9 ft

Velocity at end of transition 164.5 ft/s 114.6 ft/s

N-value through conduit 0.008 0.015

Velocity at end of conduit 124.0 ft/s 64.0 ft/s

Depth at end of conduit 3.6 ft 6.9 ft

Depth at end of conduit

(with 50 percent bulking) 5.4 ft 10.4 ft

Percent of conduit height

(with 50 percent bulking) 30.0 % 57.8 %

()
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SECTION 7

STRUCTURAL DESIGN

7.1 Gmnal. This section covers the structural design of the features for

the three outlet works alternatives. The alternatives are typically comprised

of an intake tower, gate chamber, diversion/outlet tunnel, access shaft/adit,

control and air supply towers for mid-tunnel control, and downstream outlet

and outlet channel structures. Enough preliminary analyses were performed to

quantify and support a GDM level cost estimate and for feasibility of the

proposed features. Information is presented which was used for the

preliminary structural work and which is recommended for future design

efforts. Design criteria, assumptions, conditions, procedures, and

preliminary results are described in the text and in the referenced plates and

figures. Brief descriptions of the three alternatives are as follows:

a. Unstream Control. The outlet works consists of a 222.5-foot-high

intake tower, an 18-foot by 32-foot (inside width by height) concrete lined

horseshoe tunnel, downstream outlet structure, outlet channel, and a plunge

pool. The base of the tower, embedded in rock, is designed to accommodate

diversion flows, wet wells, maintenance gating, and upstream RO conduit

entrances. The upper 144 feet of the tower, above El. 2,156, are essentially

a free standing cantilever. Flood releases pass through trash struts and over

the main tower sill at El. 2,265. The sill elevation was established assuming

165 feet of sediment deposition over the 100-year project life. The top of

the tower is at El. 2,302.5, and will be subjected to submergence of 275 feet

for the standard project flood. Flows will then move into the 36-foot-

diameter wet well to the RO entrances located at the base of the tower at El.

2,100. Two 5-foot-wide by 9-foot-high RO conduits are designed to pass the

higher regulated flows. Upstream operating and emevgency hydraulic slide

gates are used to regulate the flow. The gates are in an independent chamber

located immediately downstream of the tower base. Initially during diversion,

areas within the tower base and downstream within the gate structure will be

blocked out to allow for .passage of diversion flows through an oversized

( ) conduit. During the second phase of construction the diversion conduit will

be reduced in size to become the RO conduits. The plans and sections of the
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completed intake are shown on plates 2-3 through 2-6. The base of the intake

structure will be completed under the tunnel contract and will serve as an

entrance intake during the diversion phase. The diveoesion/outlet tunnel will

be excavated through rock on the left abutment and then lined with reinforced

concrete. The tunnel undergoes a transition immediately downstream of the

hydraulic gates, from a 25-foot-wide rectangular section to an 18-toot-wide

circular bottom section. The primary tunnel support system will include steel

ribs and/or rock bolts, and a thin layer of fiber-reinforced shotcrete to act

as continuous blocking and support. Between the ribs shotcrete will be 2

inches minimum and 4 inches maximum. Tunnel plan, profile, and sections are

shown on plate 4-2. Downstream outlet structures are located at the tunnel

exit. These structures provide tunnel access, upstream gate operation, and

electrical and mechanical equipment. A concrete U-charmel connects the

downstream outlet structures to the plunge pool. The upstream slope of the

plunge pool is protected by a gravity concrete cutoff wall placed beneath the

downstream end of the channel walls. The outlet channel walls, cutoff wall,

and plunge pool will be completed under the tunnel contract (see construction

schedule). To maximize downstream protection, the intake tower and downstream

outlet structures will be completed during the dry season of the fourth year

of the embankment dam construction.

b. id-Tunnel Control. The three alternatives have a similar intake

tower. There are some differences with the bulkheading, RO entrances, and

piping, yet all have essentially the same basic exterior geometry and

structural design. The tunnel is an 18-foot-wide by 18-foot-high horseshoe.

The tunnel will be a pressure tunnel from the upstream tower to the hydraulic

gates located in the gate chamber, 430 feet downstream. The gate chamber is

accessed by way of a 516-foot combination of access shaft and tower. Air for

the gates is supplied from a separate 10-foot-diameter air shaft and tower.

The downstream tunnel section is an open flow 18-foot horseshoe design.

Construction sequence will be similar to that described for the upstream

alternative. Flows will exit the tunnel and enter the outlet channel, pass

over the flip bucket, and into the plunge pool.

I7)
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c. Downstream Control. The outlet works consist of the similar

222.5-foot-high intake tower, an 18- by 18-foot (inside dimensioned) concrete

lined horseshoe tunnel, an 11-foot-diameter steel outlet conduit, downstream

outlet structure, an outlet channel with flip bucket, and a plunge pool.

Within the base of the tower a single 11-foot square, transitioning to an

11-foot circular steel RO conduit, is designed to pass the higher regulated

flows. The plans and sections of the completed intake are shown on plates 4-3

through 4-6. The base of the intake structure will be completed in the tunnel

contract and will serve as an entrance intake during the diversion phase.

Downstream operating and emergency hydraulic slide gates are used to regulate

the flow. Initially during diversion, areas within the tower base and

downstream within the gate structure will be blocked out to allow for passage

of diversion flows through an oversized conduit. During the second phase of

construction the diversion conduit will be reduced in size to become the RO

conduit and summer low flows will be passed through the smaller pipes located

in the tunnel floor. The tunnel will contain the 11-foot-dimeter pressure

conduit, transitions, and low flow system piping. Tunnel plan, profile, and

sections are shown on plate 4-2. Downstream outlet structures provide tunnel

access, downstream gating and control, and electrical and mechanical

equipment. A concrete multi-U-channel connects the downstream outlet

structures to the plunge pool. At the end of the outlet channel, a flip

bucket will be provided to dissipate the regulated flows. The outlet channel

walls, flip bucket, and plunge pool will be completed under the tunnel

contract (see construction schedule). To maximize downstream protection, the

intake tower, steel RO conduit, and downstream outlet structures will be

completed during the dry season of the 4th year of the embankment dam

construction.

7.2 Design Criteria and Project Conditions.

a. R. The preliminary design and future design efforts

should follow accepted engineering practice and should be in accordance

with the following engineering manuals (EM's), engineer technical letters

(ETL's), and regulations (ER's):
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EM 1110-1-2101 Working Stresses for Structural Design

EM 1110-2-2000 Standard Practice for Concrete

EM 1110-2-2102 Waterstops

EN 1110-2-2103 Details of Reinforcement - Hydraulic Structures

EM 1110-2-2400 Structural Design of Spillways and Outlet Works

EN 1110-2-2502 Retaining Walls

ER 1110-2-1806 Earthquake Design and Analysis for Corps of Engineers

Projects

ETL 1110-2-256 Sliding Stability

ETL 1110-2-265 Strength Design Criteria for Reinforced Hydraulic

Structures

ETL 1110-2-301 Interim Procedure for Specifying Earthquake Motions

ETL 1110-2-303 Earthquake Analysis and Design of Concrete Gravity

Dams

Other applicable ETL's, EM's (EN 1110-series), and codes listed therein.

b. Basic Data. The design data is based on previously determined

reservoir elevations, geotechnical exploration and interpretation, engi-

neering judgment, and consultant input on the seismic risk for the project

site. Further tests during the FDN phase of study will be required to

verify material assumptions made for the GD analyses.

(1) Water Elevations. (Operated essentially as dry reservoir.)

Maximum pool (P1(F) El. 2,604

Standard Project Flood (SPF) El. 2,575

Spillway crest El. 2,580

100-year Flood El. 2,535

Normal debris pool -

duration 6 months El. 2,200 Year 0

El. 2,300 Year 100

Maximum tailvater

(8,000 cfs) El. 2,016
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(2) Soil and Rock.

(a) Beock. (Dioritic, moderately hard, highly fractured.)

Unit weight 170 pcf

Deformation modulus 2.0 x 106 psi

Unconfined compressive

strength 5,000 psi

Friction angle (phi) 35 - 40 degrees

Concrete/rock cohesion

value (c) 100 psi

Allowable bearing

capacity* 40 ksf

Subgrade modulus 1,000 kcf

Permeability .01 - .1 ft/day

*Safety factor built in

(b) ,

Colluvium from left abutment:

Dry unit weight 120 pcf

Saturated unit weight 135 pef

Allowable bearing 8 ksf

Friction angle 30 degrees

At rest lateral

coefficient (Ko) 0.45

Dry unit weight 133 pcf

Saturated unit weight 145 pcf

Allowable bearing 8 ksf

Friction angle (phi) 36 - 40 degrees
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Processed backfill:

Moist unit weight 120 pcf

Saturated unit weight 135 pef

Allowable bearing 8 ksf

Friction angle (phi) 40 degrees

Kr .36

Sediment Deoosits:

Dry unit weight 130 pcf

Saturated unit weight 142.5 pef

Friction angle (phi) 32 degrees

Kr .50

Liguefaction ootential for uVer 25 feet of sediment:

Buoyant unit weight 60 pcf

Kr 1.0

(3) M.aials.

Concrete f'c - 4,000 psi @ 28 days

Tunnel shotcrete f'c - 5,000 psi

Reinforcement -

ASTM A 615 Grade 60 fy - 48,000 psi

Steel sets - ASTM A 36 fy - 36,000 psi

Bulkheads - ASTM A 36 fy - 36,000 psi

(4) Seismic ProbabilitX. The estimated (mean) ground motion

parameters and related earthquake motion data for structures at the site

are as follows (reference report dated March 30, 1987, by Bruce A. Bolt,

Registered Geologist and Geophysicist; Subject, Seismological Report for

Seven Oaks Dam):

)
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Estimated (Mean) Ground Motion Parameters on Rock at Site

Maximum Credible Earthquake Maximum Probable

(Adjacent San Andreas Fault) garthquake (in 50 years)

Source distance to

dam site (kam,

surface rupture) 2 20

Magnitude (Ms) 8+ 7.5 - 8.0

Seismic moment

(dyne-cm) 1028 1027

Recurrence rate 150 t 30 years 1% chance per year

Peak horizontal

acceleration 0.7g O.5 g

Peak horizontal

velocity (cm/sec) 90 - 105 70 - 80

Peak horizontal

displacement (cm) 50 - 80 40 - 70

Bracketed duration at

O.05g (sec) 40 - 50 35

Predominant period in

ground velocity (sec) 0.2 - 10.0 0.3 - 8.0
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(5) General Design of Concrete Structures.

(a) Lo.dg. All of the structures of the outlet works wiii be

designed for the following loads and their probable combinations:

- Structure dead weight

- Uplift

- Water

- Sediment

- Backfill

- Seismic acceleration

- Wind (30 psf)

- Debris

- Floors/decks

stairs and landing . . .. 100 psf or 1 kip conc.

gratings ........... .200 psf

hoists/rails ... ....... 15 kips

access decks ... ....... truck/crane or 500 psf

gate room floor . . . . . 200 psf

(b) Overturning Stabilita. Where applicable, overturning for

the outlet tower and the structures downstream is based on EM

1110-2-2200. Overturning of the intake tower is minimized as a stability

concern due to the embedment of the tower into the rock formation below

El. 2,156. Overturning of the tower in the upstream direction is resisted

by shear, mobilized along the excavated side slopes. The intake tower is

considered free from overturning and will be designed as a cantilever

above approximate El. 2,156. The outlet channel walls will be analyzed as

retaining walls. The mid-tunel control tower and air supply tower are

analyzed as freestanding.

(c) Sliding Stability. Sliding stability for freestanding

concrete structures is designed so that the sliding resisting force will

be greater than the horizontal component of the driving force by the

appropriate factor of safety specified. The factor of safety for sliding

will be computed in accordance with ETL 1110-2-256, "Sliding Stability for

Concrete Structures," as follows:
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S. F. V tan 0 + cA(H
where:

V - sun of all vertical forces

0 - angle of internal friction

c - cohesion of interface

A - area of the horizontal plane considered

H - sum of all horizontal forces

The minimum required factor of safety against sliding for normal static

loading conditions is 2.0. The minimum required factor of safety for

seismic loading conditions is 1.3. For extremely unusual combinations, a

minimum factor of safety of 1.0 may be applied.

7.3 Ike Toweranm.

a. General. The dimensions and shapes of the structure were

developed in the following manner (see plates 2-3, 3-3, and 4-3):

(1) The lower tower section is embedded into a sound dioritic

rock formation. The rock surface rapidly dips upstream and toward the

valley. This factor established the limit of the intake rock excavation

and tunnel cover. Intake excavation is minimized by using near vertical

slopes below El. 2,156 and 1H on 4V cut slopes with no benching elsewhere.

(2) The base is determined by the requirements to satisfy the

hydraulic functions of diversion, RO, and low-flow release; arrangement of

maintenance gating; and design thicknesses for stability and to resist the

expected loads.

(3) The tower itself is designed to pass the regulated outlet

flovswhile satisfying hydraulic criteria, provide bulkheading capability,

and resist applied loads, particularly the combinations of seismic and

sediment.

C7
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II

(4) The intake trash structure must have enough openings

to pass flow at a maximum velocity of 10 fps. Opening size is limited to

two-thirds the least RO conduit dimension. Additional: openings were

provided as a safety factor against debris plugging. The trash struts are

designed to withstand a plugging pressure differential of 20 feet.

b. Loaases. Applicable load conditions for intake tower design

are as follows: the case numbers are based on the loading conditions

outlined in EK 1110-2-2200. In general, under normal operating conditions

the tower essentially has no overturning moments and its height does not

present any excessive bearing stress problems.

(1) CASE I - Construction Condition.

(a) Reservoir empty

(b) Structure dead load

(c) Wind

(d) Sediment between Els. 2,100 and 2,265

(2) CASE 11 - Normal Onerating Condition.

(a) Debris pool El. 2,200 to 2,300

(b) Structure dead load

(c) Wind

(d) Sediment between Els. 2,100 and 2.265

(e) Uplift

(3) CASE III - Induced Surcharge Condition.

(a) Standard project flood (SPF) El. 2,575

(b) Structure dead load

(c) Wind

(d) Uplift

(e) Sediment at Els. 2,100 to 2,265

)
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(4) CASE IV - Flood Dischar_2 Condition.

(a) Probable maximum flood (PMF) El. 2,604

(b) Structure dead load

(c) Wind

(d) Uplift

(e) Sediment at Els. 2,100 to 2,265

(5) CASE V - Construction Condition with Earthouake.

(a) Reservoir empty

(b) Structure dead load

(c) Earthquake (X or Y axis, bidirectional)

(6) CASE VI - Normal Operating Condition with Earthquake.

(a) (aa) Debris pool Els. 2,200 to 2,300

(ab) Structure dead load

(ac) Earthquake (X or Y axis, bidirectional)

(ad) Sediment at Els. 2,100 to 2,265

(b) (ba) 100-year high pool El. 2,535

(bb) Structure dead load

(bc) Earthquake (X or Y axis, bidirectional)

(bd) Sediment at Els. 2,100 to 2,265

c. Earthquake Design and Analysis.

(1) Genl. ER-1110-2-1806 requires seismic design to be

considered for new structures that retain or hive the potential to retain

a permanent pool. If a reservoir could be lost due to failure caused by

earthquake loading, and the result would cause property damage and/or loss

of life, seismic design is required. ETL-1110-2-303 states "... the pool

level selected for an earthquake loading case should normally be a pool

level which occurs, on the average, relatively frequently during the

course of the year." For the Seven Oaks Intake Tower, a variety of debris
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pool and sediment levels will be analyzed as normal operating conditions.

A high pool (10-year - El. 2,400) coupled with an operating basis

earthquake is an example of a stability condition considered as an

extremely unusual event.

(2) Stability Analysis Requirements.

(a) Static Analysis. Where applicable, simplified static

force approximations and methods of analyses are used for the stability

computations. EK 1110-2-2200 requires a stability analysis by a seismic

coefficient method. The seismic coefficient is generally found in ER

1110-2-1806. The intake tower is located in Zone 4 as shown on the

seismic zone map of the contiguous States and Puerto Rico. The

corresponding seismic coefficient would be 0.20. Due to the close

proximity to the San Andreas Fault and the site specific data as

developed, larger seismic coefficients as high as one-half of the peak

ground acceleration will be considered in combination with safety factors

of unity for extremely unusual load conditions. Stability of the tower is

analyzed for movement in the upstream direction only, as other directions

are resisted by the excavated rock face. For the upstream earthquake

scenario, the tower, by itself (*freestanding"), will not satisfy

stability criteria. Base shear (OBE) will vary from 26,000 kips to well

over 100,000 kips depending on pool elevation, the static coefficient

used, and the method of predicting earthquake forces. Shear, as estimated

by the Westergard formula increases dramatically with reservoir depth.

The resulting high overturning moment will cause the resultant to fall

outside of the base. Where tension zones are created, cohesion between

the rock and concrete will be neglected. Without the tower base in

compression the resistance to sliding isn't adequate to achieve acceptable

sliding safety factors. To reduce the shear and moment at the tower base,

the support provided by the side slopes and foundation excavation must be

utilized. To utilize the side slope resistance, several construction

actions may be required. There are several methods to ensure mobilization

of side slope resistance. Some of which are: (1) grouting the

concrete/rock interface to assure cohesion; (2) provide rock anchorage to )
mobilize shear friction; (3) provide a vertical concrete key; (4)
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post-tensoning to mobilize friction; and (5) do nothing (existing

cohesion and surface disparities will provide adequate resistance).

Further modeling and analysis will be required during the feature design

efforts to qualify the solution best suited for this structure. The load

conditions and static stability criteria are as follows:

Table 7-1. Earthquake Load Conditions and Static Stability Criteria

for Intake Tower Movement in the U/S Direction

Sediment Static Base Area

ma Load Condition Elation Coef. Intr ssm

(V) Dry + OBE 2,100 .25 resultant 1.3
(V) Dry + ECE 2,100 .35 within 1.0

(VI) 2,200 dp + OBE 2,100 .25 base 1.3

(VI) 2,200 dp + MCE 2,100 .30 1.0

(VI) 2,300 dp + OBE 2,100 - .20 1.0

2,265

NOTE: OBE - operating basis earthquake

MCE - maximu credible earthquake

dp - debris pool

For higher debris pool scenarios, the tower will be embedded in sediments

which appear to stabilize the structure under the static type of

analysis. A finite element analysis is recommended to determine the tower

stresses under the high debris pool conditions. These studies will assist

in predicting the tower-sediment-reservoir interaction and the resulting

tower stresses.

(b) Static Earthguake Forces. The lateral inertia force on

the tower will be a percentage of the structure weight applied at the

center of gravity of the tower. The percentage will correspond to the

static coefficient aspigned to the load condition under study. The added

and subtracted seismic water forces will be based on the Westergaard
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parabola for submerged and partially submerged structures. A sensitivity )
study should be performed on the different methods for predicting

earthquake loading on the tower. For a tower with a larying cross

section, an added mass two mode analysis may give a more reasonable

estimate of lateral forces than Westergaard's formuli. Finite element and

other structural modeling can be used to further quantify the expected

loading. The added soil or sediment force on the tower and/or other

structures is KhW, acting at the center of gravity of the soil wedge in

accordance with the current draft EM, "Retaining and Flood Walls." Kh is

the static coefficient of horizontal earthquake acceleration chosen for

the load condition being studied. V is the weight of the material in the

wedge, including water. Liquefaction of the upper 25-foot sediment zone

is also to be considered during a seismic event.

(3) Stress Analysis.

(a) eguiem n tgx . ER 1110-2-1806 requires a dynamic response

type of stress analysis for concrete structures in seismic zones 3 and 4.

The Seven Oaks site and tower satisfies all conditions requiring a dynamic

analysis. Where stresses/forces/moments must be determined by dynamic

analysis, current Corps guidance directs preliminary calculations be made

using a simplified response spectrum method of analysis. For the

preliminary GDM analysis, a Two-Node Added Mass Analysis was performed

(Chopra, 1981). The procedure was followed as outlined in the WES report

by laker and Jones, dated 1982; Subject, "Seismic Analysis of Intake

Towers." The method computes the maximum earthquake loading for the

linear response of the tower in its first two fundamental modes of

vibration to the horizontal component of the ground motion.

(b) Dynamic Analysis. The hydrodynamic effects are modeled

as an added mass of water moving with the tower. The method of added

masses does not predict a significant increase of hydrodynamic forces on

the tower due to submergence. The added mass of the tower is primarily a

function of the tower section and does not change appreciably with

submergence. There is some variation of the added mass ratio near the

tower top, but at the bottom of the tower it remains unchanged.
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( Investigation of Westergaard's formulas for hydrodynamic earthquake

pressures show a marked increase of the parabolic water mass moving with

the tower under submerged conditions. Specifically, in that the

hydrodynamic force is directly a function of the water submergence over

the tower; F - 36.5H1/2h3/2a/g (H - water depth, h - tower height).

To consider the effects of submergence possibily not considered within the

added mass analysis, the added masses were increased by 50 percent for the

100-year flood condition. The question of hydrodynamic forces under

submergence will be addressed further under the Feature Design Memorandum

phase of study. The earthquake loading is computed directly from the

spectral acceleration, obtained from the response spectrum, and dynamic

properties of the structural system. Seed's response spectrum (mean) for

28 rock records and 5 percent damping was scaled for the earthquake under

analysis. The resulting load is applied as an equivalent static loading

and a conjugate beam procedure is employed to determine the shears and

moments. A program in BASIC was written to ease the numerical

computations of the added mass analysis. The program computes the first

and second frequencies of a non-uniform cantilever using Rayleigh's

method. The tower is divided into sections with corresponding section

masses, added masses, and stiffnesses. Once convergence has been achieved

for the tower frequencies, pseudoabsolute accelerations (scaled for

desired ground motion) are input into the program. Inertia forces,

shears, and moments are computed and applied in a conjugate beam

analysis. The final equivalent modal forces are combined as probable

maximums using a root-mean-square approximation. Typical reinforcement

for a debris pool plus OBE load condition (for the circular tower section)

is shown on plate 2-3 and moments and shears on figure 7-1.

(c) Tower Limitations. Reinforcement and section

requirements for the circular section under aeismic loading will control

the feasibility and cost of a tower at this site. A higher tower than

proposed or a similar tower under higher seismic loading than assumed may

well be infeasible for this site. As moments and shear increase, a larger

tower section is required to carry the increased loading. The larger

tower section results in a further increase of inertia and hydrodynamic

forces. Iteration to achieve a satisfactory design may lead to a
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non-converging solution. The sections of the proposed tower were

determined through this iterative process under the given assumed loading )
conditions. To accommodate higher loading scenarios, other tower alterna-

tives are available: an inclined tower, increasing capacity by post-

tensioning the existing design, removing the sediment deposition allowing

a shorter tower; or utilizing tower staging as the sediment level rises.

(d) Load Conditions. Loading conditions requiring a stress

analysis (reinforcement design) are listed in table 7-2. The table of

load conditions and design criteria represent "preliminary GDM design

thinking" and are not meant to be considered as final or all-inclusive.

Where extremely unusual load conditions are considered the ultimate

strength design, load factors are reduced (allowable stresses increased).

Table 7-2. Reinforcement Design Load Conditions

Concrete Design

Load Condition Sediment Elevation USF LF

Debris pools 1.5DL+1.9

no earthquakes 2,100 to 2,265 (other forces)

High pools (hp)

no earthquakes 2,100 to 2,265 reduced

Dry + OB 2,100 .75 (1.9)E

Dry + MCE 2,100 .75 (1.7)E

2,200 dp + OBE 2,100 .75 (1.9)E

2,200 dp + ICE 2,100 .75 (1.33)E

2,300 dp + OKB 2,265 .75 (1.7)E

2,300 dp + MCE 2,265 .75 (1.33)E

100-year hp + OBK 2,100 to 2,265 .75 (1.5)E

The design of miscellaneous structural and metal features and electrical

and mechanical equipment.must also consider the forces induced by seismic

vibrations. Typical features such as stairway systems, equipment

platforms, base connection for the hydraulic gates, hydraulic piping,

switching, conduits, and bridge bearing details must be designed for )
earthquake induced stresses.
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INTAKE TOWER
TWO MODE ADDED MASS DYNAMIC ANALYSIS

OBE = .5g -DP EL. 2,200

Moment Shear El. 2299

Ef. 2265

o .5 1.0 1.5 0 5. 10.15.
(Millions Ft.-Kips) (x1OO0 Kips)

Figure 7-1
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d. Access Bridge. The bridge is similar for all three control

alternatives and is a single-lane, 54-foot single-span structure to be

designed for normal operating HS-20 loads, a 15-ton project crane, and

dump truck. Design will be in accordance with American Association of

State Highway and Transportation Officials standard specifications for

highway bridges. For estimating purposes, the bridge was assumed to be

made up of precast "I" girders with a cast-in-place deck. Cost was based

on concrete volume and square footage of bridge deck surface.

e. Regulating Outlet Maintenance Bulkhead. The RO maintenance gates

for all three alternatives will be of similar construction and designed

for the same operating criteria and load conditions. The upstream

control gates are approximately 6 feet 10 inches by 9 feet 6 inches (two

required), the mid-tunnel gate is 25 feet by 20 feet 6 inches, and the

downstream gate will be roughly 14 feet by 12 feet. The gates will be of

welded construction with the skin plate and seals on the downstream side

(see plates 2-3, 3-3, and 4-3). It will be a slide gate designed to

withstand head resulting from a pool elevation of 2,299. The gate (s)

will close under their own weight under static conditions. The gate will

be stored in the slot. End girders will be sufficiently flexible to

assure direct bearing of load-carrying members without the condition of

extremely close tolerances of bearing surfaces, but sufficiently stiff to

assure rigidity of the bulkheads. The RO bulkhead will be constructed of

ASTM A-36 steel. An RO conduit fill pipe will be required to equalize the

head on the bulkhead prior to removal.

7.4 Diversion and Outlet Tunnel.

a. General. The tunnel is approximately 1,625 linear feet in length

for all alternatives. It is mined by drill and blast methods through a

mostly diorite formation in the left abutment (see plate 2-2). The

concrete lined section is established by diversion requirements. The

overall excavation is controlled by the needs of tunnel support. The

tunnel support system must consider several different loads (construction

and permanent) and their possible combinations. The excavation at the
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floor of the tunnel is flat, creating a horseshoe tunnel. The final

tunnel layout is divided into three zones which are controlled by the

loading condition for each zone. The primary tunnel support during

construction will be steel sets with fiber reinforced shotcrete as

continuous blocking and lagging. Untensioned rock bolts will be used in

the crown of the tunnel on an "as needed basis." Excavation will proceed

with a single heading and full face drilling and excavation. For the

upstream control tunnel (plate 2-2), construction will likely require two

benches as the tunnel height is excessive at 40 feet for a single bench.

Rib sets will require a wall plate with tiebacks to temporarily support

the sets for the upper bench. The mid-tunnel control alternative will

require a two-heading operating to meet schedule demands and minimize

construction interference (see construction schedule, section 5).

b. PeiLgnLoads.

(1) Load Conditions. The following load conditions will be used

for the tunnel:

(a) structure dead load

rock load

(b) structure dead load

normal external hydrostatic

(c) structure dead load

rock load

normal external hydrostatic

(d) structure dead load

rock load

extreme or unusual external hydrostatic loads

(e) structure dead load

rock load

seismic loads
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